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ABSTRACT 

An independent Office of Technology Assessment (OTA) 
report of the deacidification program underway at the Li"^ ary of 
Congress, this report vfas undertaken at the request of the House 
Appropriations Committee. Because of the particular concerns of 
engineering and safety which have been raised regarding this program, 
this report focuses on its ef 1 ectivoness and safety, and compares the 
current program to other alternatives. The Library of Congress* 
program, which uses DEZ (diethylzinc) as a paper deacidifier, is 
discussed in detail, and the safety and environmental effects of this 
program are considered. The OTA findings suggest that more research 
and planning should be undertaken before embarking on a full-scale 
program using the DEZ process, and it is recommended that other 
alternative stretegies be more fully explored. The text is 
supplemented by photographs, tables, and figures, and bibliographic 
notes/ references are provided. (EN) 
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Foreword 



Even in today's high-tech society, books are the principal records of human civiliza- 
tion. Over the centuries, books have become the most reliable and permanent records avail- 
able, but, in the last century, that reliability has been threatened by the use of **modern," 
acidic paper that becomes brittle and unusable in a relatively short time Books printed 
since 1850 aic deteriorating en masse in libraries the world over. Nowhere is this problem 
more severe than in the U.S. Library of Congress; a major preservation program address- 
ing it was initiated in the early 1970s. The Library's mass deacidification process is now 
being tested at a pilot plant, and planning is underway to design and construct a full-scale 
facility that could treat about 1 million books each year. 

This assessment analyzes the problem of acid deterioration of books and the program 
underway at the Library of Congress. The program at the Library involves the chemical 
treatment of books in a unique and effective process that, however, also presents some 
new engineering and safety concerns. Because of these concerns, the House of Representa- 
tives Committee on Appropriations requested this independent review of the Library's 
system and other available or potential processes. OTA has evaluated the Library's proc- 
ess and program with a focus on effectiveness and safety, and compared it to available 
alternatives. OTA has also developed information and analyses useful to other major libraries 
in the Nation that are faced with the same problem of preserving valuable books and papers. 

OTA is grateful for the assistance provided by the assessment's advisory panel, work- 
shop participants, and other consultants, and acknowledges the full cooperation of the Li- 
brary of Congress in responding to requests for information, arranging meetings with its 
consultants, and reviewing materials. OTA also appreciates the efforts made by the de- 
/elopers of other deacidification processes to make avaUable the most up-to-date information. 




JOHN H. GIBBONS 



Dhector 
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Introduction 



PURPOSE OF 

Millions of books at the Library of Congress and 
other libraries around the world are deteriorating. 
Many booKS published since the mid- 1800s are cur- 
rently, or will soon become, too fragile to handle. 
The paper these books are written on becomes brittle 
over time and crumbles. The primary cause of this 
deteriorai&on is acid. Chemicals used in the manu- 
facture of paper from wood pulp, which stay in the 
paper, convert to a variety of acids and slowly de- 
stroy the strength of the paper's fibers over time. 
Othi.T factors such as oxidation, varying or extreme 
temperature and humidity, exposure to light, air 
pollutants in storige areas, and the amount of use 
also contribute to the destruction of the books. 

The Library of Congress has been working to 
solve the problem of acid paper in books since the 
early 1970s, developing a mass deacidification proc- 
ess that would inhibit the deterioration of book pa- 
per. About 25 percent of the 14 million books at 
the Library of Congress are tOo brittle for normal 
use. The main purpose of the Library of Congress 
program is to preserve and extend the life of paper 
materials before they reach thk brittle, unusable 
condition. This would involve deacidification of new 
materials coming into their collection as well as ex- 
isting materials not yet damaged beyond use. 

Other libraries and researchers have also worked 
on this problem and small-scale processes are in use. 
The purpose of this assessment is to evaluate the 
appropriateness of the system under development 
by the Library of Congress and compare it to other 
available or potential processes. Although this re- 
port focuses mainly on the Library of Congress, 
it will hopefully assist the library community, in 
general, with decisions on how to cop . with the acid 
book problem. Another recent report on this sub- 
ject is titled ''Mass Deacidification for Libraries" 



THIS STUDY 



What Is The Library of Congress? 

• The largest center for information storage in the 
world. 

• Collections include 19 million volumes and 58 
million pieces of stored data on phonograph 
records, motion picture reels, computer tapes, 
manuscripts, maps, prints, and photographs. 

• Three Canons of Selection established in the 
194Ca to define the collections: 
—materials necessary to the Congress and to 

the U.S. Government officers in performance 
of their duties; 
— materials that express and record the life and 
achievements of the people of the United 
States; and 

— records of other societies and peoples, espe- 
cially those of most immediate concern to the 
people of the United States. 

• Less than 25 percent of the collection is in 
English. 

• Serves five audiences: 

1. Congress — Library provides research sup- 
port, policy analysis, and training through 
the Congressional Research Service; 

2. professional library world — Library provides 
cataloging and other bibliographic services 
and leadership on library technology; 

3. executive agencies— Library provides infor- 
mation resources; 

4. scholars — Library provides research collec- 
tions and support; and 

5. creative world — Library protects products 
and preserv . traditions. 

SOURCE Charles A Goodrum and Helen W Dalrymple. The Librtry of 
Congreu (Boulder, CO Weitview Press. 1982), p 337 



by George M. Cunha, published in Library Tech- 
nology Reports of the American Library Asso- 
ciation 



THE ACID BOOK PROBLEM 



The problem of acid deterioration of library books 
and other assets is not new. In 1898, an interna- 
tional conference was organized to discuss the poor 
quality and lack of permanence of paper made by 



recently developed wood pulping processes.^ Dur- 

'K G. Schmude, "Can Library Collections S* rvivc^ The Problem 
of Paper Deterioration," The Australian Library Journal, vol 33, 
No. 1. Februa-y 1984 
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Lig the 1930s a number of researchers began tc Ntudy 
the problem more systematically, establishuig a 
correlation betv/een the acid content of paper and 
its lack of fyermanence, and began exo'^rimenting 
with new papermaking processes for making acid- 
free papers. In the 1950s, the Council on Library 
Resources became a leading supporter for research 
on paper permanence , e ven i ^ly leading to stand- 
a* or perma.ient papor. 

Aaihough there has been an awareness of the prob- 
lem for almost 100 years, a more global sense of 
urgency has only recently developed. The rapid in- 
crease in the size of libraury collections beginning 
in the late 19th century has created for the libraries 



How the Library of Congress 
Obtains Materials 

1 . Copyright Office receives about 130,000 books, 
230,000 periodical", and tens of thousands of 
sheets of music each year. It also receives maps, 
motion pictures, telephone directories, phono- 
graph recc^ds, computer tapes, ballet nota- 
tions, etc. All of these materials are received 
free of charge. 

2. Government Exchange provides records of 
affairs from Federal, State, major cities, and 
foreign governments, as well as international 

^.ment organizations, /.bout 4 million 
uions are obtained through these chan- 
;ach year. None of these materials are pur> 
chased. The Library obtdins non-Federal ma- 
terials by trading Federal publications. 

3. Gifts include personal papers given outright or 
def ^^ited with the Library. In 1980, about 1.8 
million pieces were received. 

4. Purchased Materials include: 

• newspapers— 330 U.S. and 1,000 foreign; 

• foreign magazines — about 30,000; 

• foreign books — includes significant non- 
fiction and represf itative literature; 

• research materials for the CRS I ibrary; and 

• blind and physically handicapped coUection, 
this is the largest portion of the purchase 
budget, in 1980, about 1.9 million volumes 
were purchased for about $35 million. 

SOURCE Charlei A Goodnim tnd Helen W DaJrymple. The Libnry of Con- 
gn$$ (Boulder, CO Weitview Pteu. 1982). p 337 



and other institutions a crisis of enormous propor 
tions that is now ''coming of age." 

Although the materials and techniques used to 
makfc I'vper have changed, the underlying princi- 
ples invoi. have changed little in 1,700 years. 
Materials coi. nning cellulose (e.g., mulberry, flax, 
cotton, wou- X beaten and macerated in wattr 
creating pulp, ihe pulp is then formed in a mold 
and dried, leaving behind a mat of cell iLse fibers. 
The water that remains after drying hoi- :s the mat- 
ted fibers together. Additional substances are add- 
ed in the processing that give r iper its other famil- 
iar qualities Sizing agv^nts a: t added to reduce the 
penetration of liquids, m;il -"g it possible to print 
without blotting. Fillers are sometimes added to 
make the paper whiter and opaque. Dyes, pigments, 
and strengtheners can rJso be added. 

Paper can be extren:ely stable, maintaining its 
durability for centuaes if taken care of properly. 
There are many examples of books published as 
far back as the 1 500s that are still in fine condition. 
Paper permanence, the ability of paper to main- 
tain its durabUity over time, has slowly declined 
over the yeai j, however, to the point where we are 
lucky if the vr^st majority of modem" papers, pa- 
per made since the mid- 19th century last 50 years. 

The more rapid deterioration of modem paper 
has been attributed to acids that accumulate in the 
paper. The source of the acids are chemicals that 
are either introduced during the papermaking proc- 
ess or are introduced subsequently from the envi- 
ronment. The acids attack the ceUulose that makes 
up paper f breaking it into smaller and smaller pieces, 
until the paper has lost all of its durability. 

Actually, the use of acid-producing materials in 
papermaking began as early as the late 1 7th cen- 
tury when European papermakers began to use 
alum (aluminum sulfate) in addition to animal gela- 
tin as a sizing agent. Alum, in time, can be con- 
verted to sulfuric acid. Measurements of 400-year- 
old ps^ers revealed that those with alum sizing have 
a higher acid content than those papers that just 
used animal gelatin or no sizing at all.^ 



J Barrows Research Laboratory, Inc., "Perrnanence/Durabiluy 
oftheBook, Vol. VII PhysicaJ and Chemical Properties of Book Papcn, 
1507-1949," 1974 
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II was not untU a series of innovations in the 19th 
century, however, that the acid content of paper 
rose dramatically. Alum-rosin sizing was introduced 
in 1803, replacing gelatin and gelatin-alum sizing. 
Alum-.osin sizing required excess alum, increas- 
ing the amount of this acid producing srbstance 
in the paper. In the mid-19th century, rags and linen 
were replaced by wood as the major cellulose feed- 
stock. Wood pulp contains lignin and hemice'iu- 
lose that easily breakdown in air, causing discolor- 
ation and forming acidic compounds. In addition, 
wood ceUulose is more susceptible to acid reactions 
than the cotton cellulose derived from rags and linen. 
By the end of the 19th century, chemical wood pulp- 
ing processes were developed to remove lignin (be • 
cause of the discoloration it caused) but did so by 
using acidic solutions. As a consequence of these 
innovations, paper produced since the mid- 19th cen- 
tury can have an acid content today 100 times 
greater than paper produced in the 1500s.^ 

The effect of this higher acid content can be dev- 
astating. In 1959, the William J. Barrow Research 
Laboratory, with support from the Council on Li- 
brary Resources, measured the durability of books 
published in the United States between 1900 and 
1949.* A 500-book sample was taken from libraries 



'Ibid 

*W J. Barrow, "Deterioration of Book Stock, Causes and Reme- 
dies,' Randolph Church (ed ) (Richmond, VA: Virginia State Li- 
brary 1959). 



in and around the Richmond, Virginia area where 
the Laboratory was located. The study determined 
that 39 percent of the books published between 1900 
and 1939 had already become very weak; the pages 
would crack after moderate us(; and would prob- 
ably become too brittle to handle at all in another 
25 years. Furthermore, another 49 percent of the 
books had a durability less than that of newsprint, 
the v/eakest paper used for printing. 

Numerous libraries have sampled their collections 
and found the same sobering statistics (e.g. , Univer- 
sity of California, Yale, and Stanford). Yale's study 
concluded that 43 percent of the libraries' 9 mil- 
lion books are brittle and another 44 percent have 
a high acid content.^ 

The extent of the problem nationwide is stagger- 
ing. The Association of Research Libraries (ARL) 
has estimated that 75 million books in the Nation's 
research libraries alone are endangered. Although 
many of these are still in print and can be rep ir- 
chased by libraries, the ARL estimates that over 
the next 20 years, at least 3.3 million volumes must 
be transferred to another format if the the informa- 
tion they contain is to be saved. ^ 



'Gay Walker, Head of the Preservation Department, Yale Univer- 
sity Library, personal correspondence, July lO, 1987. 

<<^ouncil on Library Resources, "Bntde Books Reports of the Com- 
mittee on Preservation and Access," Washington, DC, 1986 



APPROACHES FOR ADDRESSING THE ACID BOOK PROBLEM 



Acid-Free Paper Production 

The most obvious solution to the acid book prob- 
lem is to make and use alkaline (acid-free) paper. 
New mass-producing technologies for such papers 
have been developed since the 1930s. Many univer- 
sity publishing houses now require the use of alka- 
line paper, and libraries have lobbied papermakers 
and publishers to move in this direction. However, 
there are a number of economic obstacles that im- 
pede the transition and it appears that only 15' to 



'C.J. Shahani and W.K. Wilson, * Preservation of Libraries and 
Archives, " AiuencaiJ Scientist y vol 75, May-June 1987, referencing 
R.G. Johnson, "U.S. Alkaline Fme Papermaking To Experience Slow 
But Steady Growdi," Pulp and Papa, December 1986. 



25® percent of the book paper produced in the United 
States is alkaline. The prospects for producing more 
alkaline paper in the future will be discussed later 
in this report. Even if widespread use of acid-free 
paper occurred tomorrow, however, the problem 
remains of how to preserve the paper or the infor- 
mation that has already been accumulated. 

Preservation Techniques 

Libraries are no strangers to preservation. Over 
40 institutions nationwide are actively pursuing 



•"Report on Library of Congress Conference on Paper for Book 
Longevity," Library of Congress Information Bulletin, vol. 40, No. 
13, Mar. 27, 1981 
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How the Library of Congress 
Selects Materials 

• About 10 million items are received by the Li- 
brary each year, of these about 1 .5 million items 
are selected for inclusion in its collections. 

• Selection policies are based on subject matter, 
four levels of retention (i.e., comprehensive, re- 
search, reference, minimal), specific decisions 
about a subject and specific decisions about in- 
dividual items. 

• Routi.*. selection involves review by about 30 
specialists. About 30 other people are involved 
in processing tue book and getting it onto the 
shrives. 

• Most domestic books are obtained through the 
Copyright Office. The Library retains the 
majority of hardback books, a sampling of 
paperbacks, and many college textbooks. 
Almost no texts for elementary or high school 
are retained. 

• Most f'^reign books are selected after purchas- 
ing the same publications as the largest library 
in the country or by working with a single dealer 
in a particular country. 



preservation programs,^ spending millions of dol- 
lars each year. The national libraries and archives 
of many other countries are also actively engaged. 

Preservation involves a wide range of activities, 
inducting the general conservation of important and 
rare bo ">ks and documents, environmental control, 
and the training of staiT in proper storage and han- 
dling procedures. Many techniques have been de- 
veloped and are in use today. Aside from the envi- 
ronment control techniques and general handling 
and storage procedures, many of these techniques 
are essentiaUy manual operations performed one 
page at a time, are very time-consuming, ^nd often 
require skilled practitioners. The size i^ie acid 
book problem now and in the future, however, 
dwarfs the current efforts and wiU lequire adapt- 
ing existing techniques or developing new ones. 

There arc two aspects to dealing with the acid 
boGX problem— preserving the information that ex- 
ists on materials that have already become brittle, 



**'MiUioni of Booki Diiintcgr «ing in Nation 's Libraries, ' ' Ander- 
won DmUy Bulletin, Oct. 23, 1986 



and preserving those materials that have not yet 
become brittle. This study will focus on deacidifl- 
cation of materials before they become brittle and 
will not cover the technologies or techniques that 
have been developed to transfer the information to 
another media or format. However, a short discus- 
sion on paper strengthening follows here. 

Strengthening 

In cases where it is desirable to maintain the origi- 
nal format, embrittled materials can be handled by 
laminating or mounting. An early technique for 
laminating brittle paper was to sandwich it between 
finely woven silk, using starch or paraffin as an adhe- 
sive. During the 1930s, the National Bureau of 
Standards developed a technique that sandwiched 
brittle paper between two sheets of cellulose ace- 
tate, the cellulose c:cetate was bonded to the paper 
by heating and pressing. The Library of Congress 
developed a technique that encapsulates the paper 
between two sheets of polyester film (e.g. , mylar). 
The film is bonded around the edges but is not 
bonded to the paper, therefore, the technique is re- 
versible. 

Although these techniques can be automated to 
some extent, they can only be done a single sheet 
at a time. Books would have to be unbound and 
then rebound. Costs are high and the process is usu- 
ally limited to preserving rare books. 

New techniques are being developed that would 
actually strengthen the paper by polymerization. 
This essentially reverses the breakdown of cellu- 
lose fibers by forming physical links between the 
broken cellulose fibers, restoring the paper's flexi- 
bility. Of course, this is a short-term solution for 
acinic papers unless deacidification is also part of 
the treatment. 

Deacidification 

For materials that have not yet become brittle, 
techniques have been developed to neutralize the 
acids that cause the paper to deteriorate and to de- 
posit an alkaline buffer that acts as a reserve to neu- 
tralize any acids that may continue to form. The 
objective is to extend the life remaining in the pa- 

'°C.J. Shahani and W,K WUion, ' Trcscrvation of Librancs and 
Archives," Americstn Sctentiat, vol 75, May-June 1987 
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Photo credit Ubrary of Congress 



Manual book deacldlficatlon technique treats 
one page at a time. 

per at the time it is treated. The history of the de- 
velopment of single sheet, spray and mass deacidifi- 
cation techniques, including \\t contributions of 
the William J. Barrows Resea:ch Laboratory, are 
described in greater detail in o^her documents.** 

Most of the deacidification techniques in use 
today are manual liquid solution processes. Sheets 
of paper are either dipped in or sprayed with a so- 
lution containing one or more alkaline compounds. 
The compounds precipitate out of solution, neu- 
tralizing the acids. Excess precipitate is deposited 
as a buffer. The alkaline compounds are normally 
magnesium or calcium carbonates and the solvents 
can be aqueous or non-aqueous. 

Current manual techniques are time-consuming 
and expensive. The paper must be treated one page 
at a time. Books mu3t be unbound if they are dipped 
into the solution. Each page must be tested to make 
sure that inks, colors, etc. are compatible with the 
solvents being used. Some solvents not only dis- 
solve the alkaline compounds used to neutralize the 
acids but will also dissolve ceilain inks and pigments 
and other book materials. Thes^ processes are pains- 
taking operations and demand highly skilled prac- 
titioners. They are normally used only for rare books 
where the value of maintaining the original format 
is greater than the cost of treatment. 



"Sec C J Shahani and W K Wilson, "Preservation of Libraries 
and Archives, "A/Kcncafl Scientist, vol 75, May-June 1%7, pp 240- 
251, and George M. Cunha, "Mass Deacidification for Libraries," 
Library Technology Reports, May-June 1987, pp 363-477 



The lack of flnancial resources, time, and man- 
power make it impossible for most of these preser- 
vation processes to be of much use in tackling the 
more gc.ieral acid book problem. Over the last 10 
to 15 years, ma^s deacidification techniques have 
been under development that would treat many 
books at once. Such techniques would not only in- 
crease the number of books that could be treated, 
from tens of thousands to hundreds of thousands 
if not a million books per year, but would also lower 
the cost of treatment per book. 

Estimated processing costs for various mass de- 
acidification techniques currently under develop- 
ment range from $2 to $6 per book. These estimates, 
however, typically do not include the initial capital 
investment costs (which can be quite substantial) 
or the costs associated with handling large volumes 
of books. Book handling will also present a variety 
of technical and logistic problems that must be con- 
sidered. Nevertheless, preservationists are looking 
forward to the development of cost-effective mass 
deacidiflcation processes. 

There are two mass deacidification systems in 
operation in North America (one at Princeton 
University and om at the Canadian National Li- 
brary and Archives) and a few under development 
(one of these is the Library of Congress' system). 
Some processes are also under development in 
Europe. 

The two operating systems use the non-aqueous 
liquid solution developed by Wei T'o Associates. 
Princeton University uses Wei T'o spray and has 
developed a semi-automated system. Books are 
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Wei T'o deacidification syttem used at the Canadian 
National Library and National Archives. 
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treated one at a time in an exhaust hood. The pages 
are turned manually while an automated spray 
moves back and forth across the page. The system 
treats about 1 ,000 books per year. The Canadians 
arc using a system developed by Wei T'o Associ- 
ates. Ten to twenty books are placed in a chamber 
which is then filled with the deacidifying solution. 
The system was built as a pilot plant to test its fea- 
sibility; however, the National Library and National 
Archives of Canada arc now using it in production, 
treating about 40,000 books per year. A process 
developed by the Bibliotheque Nationale in France 
is very similar to the Canadian system and began 
operations during the faU of 1987. 

The Library of Congress is developing a vapor 
phase process which is the main subject of this re- 
port. A pilot plant capable of treating 300 books 
at a time has been built. Tests on the system began 
in 1987. Another process under development is 
called the ' 'Bookkeeper. ' * OriginaUy developed by 
the Koppr- j Co., Inc., the process uses a disper- 
sion to deposit ultra- fme alkaline particles. A pilot- 
scale system has been designed and awaits demon- 
stration. As this report was being written, another 
firm proposed a new va]X)r phase process. OTA 
has collected available information about all of the 
processes and has evaluated their relative advan- 
tages and disadvantages. 



Combined Strengtbening/DeacidiGcation 

Deacidification techniques are effective for books 
and paper that are not yet britde. They cannot, how- 
ever, restore lost durability. An ideal tool for the 
preservationist is a process that both deacidifies and 
strengthens books en masse. It would be very desira- 
ble to combine the deacidification processes under 
development with the strengthening techniques that 
are also being developed. Such techniques are un- 
der development in Europe. 

One combined strengthening/deacidification 
process is operating (at a very small scale) and two 
are under development. The Austrian National Li- 
brary has a small-scale system to treat its newspaper 
collection using an aqueous process with calcium 
hydroxide for deacidification and methyl cellulose 
for strengthening. The German Library in Leip- 
zig is developing a different strengthening process 
using this same aqueous deacidfication chemistry. 
Strengthening will be accomplished by depositing 
a new layer of paper composed of cotton cellulose 
fibers. The British Library has begun development 
of a polymerization process for strengthening. De- 
pending on the chemical used, the process could 
also be used to deacidify. None of these combined 
processes have been developed far enough to be con- 
sidered for mass book preservation in the near 
future. 



FINDINGS 



Tbe Library Process and Program 

The Library of Congress has recognized the 
problem of acid deterioration of books and other 
paper materials for a long time. The Library staff 
have invested considerable effort in the investiga- 
tion of deacidification processes and have selected 
the DEZ process as the one that meets their needs. 
Selection of the DEZ process by the Library of Con- 
gress has foUowed a logical procedure comparing 
alternatives on the basis of criteria established by 
the Library for its collection. Since the late 19708 
decision to pursue the dicthylxinc (DEZ) process, 
most of the Library's effort has been devoted to 
perfecting this process and solving the engineer- 



ing, safety, and other problems associated with the 
chemical treatment plant. 

The Library of Congress has built a second DEZ 
pilot plant and has begun a series of engineering 
and process effectiveness experiments as of this writ- 
ing. The Library staff have done early planning 
but have not made firm decisions yet about the 
management, design, construction, and operation 
of a full-scale facility. A total system including book 
selection, handling, and transportation is planned, 
but has yet to be designed. Final plans for contract- 
ing and management of the full-scale plant ?1so are 
needed. The Library of Congress needs to consider 
important dctaib of project planning and manage- 



ment toon in order to more accurately predict 
costs, capacity, and operational results of this ma- 
jor undertaking. 

Technological Effectiveness 

The DEZ process developed by the Library of 
Congress extends the life remaining in the paper 
at the time it is treated. The Library claims that 
the process will extend the life of acid book paper 
three to five times its life if left untreated. These 
claims are based on fold endurance tests that have 
been trade on a variety of test papers. But it is not 
clear how long the life of an actual book in the 
Library's collection will be extended. 

The Library intends, as part of its current pilot- 
plant tests, to analyze the overall benefits to all 
books to be expected with DEZ treatment. The re- 
sults of those tests are needed to quantitatively 
project the benefits of the entire program. Some 
scientists would also urge more tests on older papers 
typical of the L'brary's collection. 

Safety 

DEZ is a hazardous substance that must be han- 
dled carefully and in accordance with strict safety 
procedures. DEZ will spontaneously ignite if ex- 
posed to air. Fire is the principal hazard, and there 

a remote chance of explosion. However, DEZ 
has been used safely for other purposes. There is 
no unusual fire hazard, however, once the books 
are treated. 

The early engineering development of the DEZ 
process b/ the Library and NASA Goddard re- 
sulted in an accident caused by inadequate man- 
agement of engineering and safety procedures. 
Careful attention to safety and good chemical proc- 
ess engineering standards have been followed with 
the design, construction, and plans for operation 
of a second pilot plant with Texas Alkyls in Hous- 
ton. OTA fiinds these initial efforts adequate, but 
pilot plant tests now underway are needed to dem- 
onstrate all safety aspects. As this writing a series 
of engineering experiments is underway at the 
Houston pilot plant. 



The full-scale plant, if built, will need equal or 
greater engineering attention, especially related 
to safety standards and practices during opera- 
tions. Scale-up design vrill encounter additional 
engineering problems. Safety practices must be de- 
veloped for a new site, new plant man-xgement, new 
operators, and a new community setting. 



Cost 

To accurately and completely define costs, ca- 
pacity, and operations for a full-scale DEZ facil- 
ity, some basic decisions and plans remain to be 
made. These plans include a total system design, 
including not only the full-scale DEZ facility but 
albo the procedures for book selection, handling and 
transportation, and final plans for contracting and 
management. 

For the purpose of this OTA study, the Library 
of Congress estimated the capital cost of the full- 
scale DEZ deacidification facility at $4.9 million 
without a contingency and the annual operating 
costs for a capacity of 1 million books per year at 
$1 .8 million. These costs do not include a number 
of items that have not yet been detailed enough to 
make estimates (e.g., book transportation) or art 
not considered now by the Library to be applica- 
ble (e.g., engineering development at the pilot 
plant). OTA considers that actual costs could vary 
considerably from these estimates once the import 
tant engineering and planning decisions listed 
above have been made. OTA also believes it use- 
ful to add rough estimates of the missing items and 
contingencies for unknown factors and thus arrive 
at a more inclusive budgetary estimate. 

The most critical factor in per-book costs is the 
capacity of the final plant. The vacuum chamber 
cycle time has a major influence on capacity as do 
transportation and Hcok handling factors. These 
latter parts of the system need to be defined. Costs 
for transportation and handling are also very rough 
at this time. OTA has attempted to factor in these 
uncertainties to arrive at its own estimate. OTA 
has also used a ± 20 percent range of numbers be- 
cause oi the uncertainty of these costs. OTA's re- 
sulting per book cost estimate is from $3 JO to $5,00 



including amortization and interest on capital as- 
suming a 1 million books per year plant capacity. 

Alternative Processes 

Although the problem of deteriorating paper has 
been known for almost 100 years, only one mass 
deacidification plant has been operating anywhere 
for any lengch of time. The Wei T'o process has 
been used by the National Archives of Canada for 
the past 7 years at a capacity of about 40,000 books 
per year. There ai . no deacidification facilities that 
can handle the large number of books (over 1 mil- 
lion books per year) envisioned for the Library fa- 
cility. Other systems are in operation at a much 
smaller scale, are designed for a pilot plant scale, 
or are only ready for testing on a pilot plant scale. 

Of those processes for which OTA had sufficient 
data, two of them. Bookkeeper and Wei T'o, merit 
some consideration as alternatives to DEZ. 

In general, the effectiveness of deacidification 
processes has not been unambiguously established. 



OTA has found no independent tests and e . 
tions of the Wei T'o and Bookkeeper processc 
data on treatment results have been developed by 
the firm or organization that is promoting the proc- 
ess. This is also true of the Library of Congress. 
(However, the Library of Congress' Laboratory is 
highly regau-ded as a leader in the field and tests 
of DEZ treatment effectiveness are far more exten- 
sive than those conducted on the alternative proc- 
esses.) Without some independent tests with stand* 
ard procedures, comparisons of the final results 
of alternative processes wiU always be uncertain. 

By comparision to Bookkeeper and Wei-T'o on 
a pilot plant scale (50 to 150 books per day), the 
Library of Congress' pilot plant at Texas Alkyls 
appears to be considerably more expensive. Whether 
the cost difference would be significant for a larger 
scale cannot be determined without further pilot 
plant tests (not yet done at all for Bookkeeper) and 
complete design for the large-scale plant. 



ORGANIZATION OF THIS REPORT 



The remainder of this report is presented in two 
parts. Part I addresses the Library of Congress' pro- 
gram for mass deacidification of books and other 
library materials. It analyzes the work completed 
to date and the specific plans to build and operate 
a large-scale chemical treatment plant over the next 
few decades. That plant is expected to deacidify over 
1 million books per year. 



Part II addresses possible alternatives to the pro- 
posed Library of Congress' deacidification system 
and other issues related to the value of deacidifica- 
tion and the costs and results of other approaches. 
This part includes discussions of acid-free paper pro- 
duction; the effectiveness and costs of competing 
processes; and an evaluation of chemical treatment 
results to be expected. 



Part I 

The Library of Congress' 
ass Deacidification Program 
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Chapter 1 

Overview 



INTRODUCTION 



Libraries around the world are faced with a seri- 
ous preservation problem but it is of huge propor- 
tions at the Library of Congress. The Library 
houses over 66 million items, including 14 million 
books. It is estimated that 25 percent of these books 
are brittle and another 1 to 2 million are at risk 
of becoming brittle over the next 20 years. As a 
major pan of the their overall preservation effort, 
the Library initiated a prograun aimed at deacidify- 
ing books en masse. Much of that program has been 
devoted to the development of a process capable 
of treating between 500,000 to 1.5 million books 
per year. The process is unique and has many ad- 
vantages over more traditional techniques. How- 
ever, there have been questions raised about the 
process' effectiveness, safety, and costs. 

Part I of this study will evaluate the Library of 
Congress' mass deacidiflcation program and the is- 
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Brittle book from the Library of Congress' 
collection. 



sues of effectiveness, safety, and cost in an effort 
to assist Congress with its decision about author- 
izing this program to proceed. 



LIBRARY OF CONGRESS' PROBLEM AND STRATEGY 



The Library of Congress' holdings of over 66 
million items ranges from books to maps to musi- 
cal scores. Books comprise the single largest hold- 
ing. The Law collection and the General collection 
contain almost 14 million volumes, and receive over 
350,000 additional books each year. In addition to 
books, the Library holds over 1 million technical 
reports, 35 million pages of manuscripts, over 3 mil- 
lion sheets of music, and nearly 4 million maps (see 
table 1). All of these items are at risk of becoming 
brittle and most are potential candidates for 
treatment. 

In January 1984, the Library sampled the books 
in their Law and General Book collections to de- 
termine how many books were already brittle and 
how many had high acid content and, therefore, 
were at risk of becoming brittle.^ Based on this sam- 

TAc Design and Analysis of a Sample of the Condition of Books 
in the Library of Congress, a Report prepared for the Library of Con- 
gress by King Research, Inc , M^r 28, 1984. 



pie, the Library estimated that 25 percent of their 
collection, over 3 million volumes, had already be- 
come too brittle to permit circulation (see flgure 
1). The pages of these books cracked when folded. 
Another 45 percent of the books were categorized 
as weak (i.e., their pages on the average could not 
withstand 50 folds). Of the collection, 97 percent 
are acidic (a pH value less than 7.0), and, there- 
fore at risk of becoming brittle (see figure 2). 
Roughly 50 percent of the collection is made with 
paper containing lignin (see figure 3). Lignin is a 
highly unstable constituent of wood pulp and leads 
to rapid deterioration of paper. The Library esti- 
mates that each year over 77,000 additional books 
become too brittle to circulate. ^ It should also be 
noted that the median age of the books in this col- 
lection is 25 years. 



'"Congress Considers 'Brittle hook^^"" Publisher's Weekly, March 
1987, p 13 
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TaUo 1.* Library of Congrass Collections on Paper As of Sept. 30, 1986 
(numbers rounded to nesrsst thourind) 





V/Oiieciion 


VvIUtT169 


Sheets 


DEZ treatment expected . . . 


. .Regular books 


14,046,000 




DEZ treatment planned . 


. .Manuscripts 




35,522,000 




Maps 




3,862,000* 




Sheet music 




3,699,000 


DEZ treatment considered . 


. .Other printed materials 




6,647,000« 




Technical reports 


1,414,000 






Art books 


348,000 






Music manuscripts 




319,000 




Prints and drawings 




257,000 




Pamphlets 




179,000*^ 




Popular applied graphic arts. 




95,000 




Posters 




61,000 


No DE7. treatment 


. .Rare books 


594,000 






Fine prints 




95,00f 




Bound newspapers 


40,000 





JHncludM toiTM volumes 
^InciudM sofTM portfolios 
^Mostly bookMt. 



SOURCE: Ubraiy of Congress 



Figure 1. ^Library of Congress General and Law 
Collections Survey of Paper Strength 



Figure 2. ^Library of Congress General and Law 
Collections Survey of Paper Acidity 
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SOURCE- Library of Congrtss, January 1064 



SOURCE Library of Congrass, January 1984 



In an effort to preserve their collection, the Li- 
brary operates a comprehensive preservation pro- 
gram which includes rare book and document 
conservation, extensive environmental control, 
microfilming, book binding, and new optical disk 
formatting. Microfilming represents a major part 
of the preservation effort devoted to transferring 
information from brittle materials. Besides main- 
taining the newspaper collection on microfilm, the 



Library also microfilms between 10,000 and 20,000 
brittle monographs and serials per year at a cost 
of about $40 per volume. It is the largest microfilm- 
ing operation in the world. Even so, they cannot 
keep up with the number of books that are deteri- 
orating. With 3 million books already brittle and 
70,000 additional books becoming brittle each year, 
the Library's stacks will hold about a 200-year back- 
log of brittle books by the year 2000. 
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Figura 3.— Library of Congrats Qanaral and Law 
Colloctlona Survay of LIgnIn In Papar 



Pifoani of books 




Variaten of Rgnk) conlBnt in book papar 

SOURCE: Ubr«y of Congrm, January 1964. 

To slow down the embrittlement of acidic books, 
the Library decided to develop a mass deacidifica- 
tion process that would run in parallel with the 
microfilming program. It is important to note that 
deacidification is not an alternative to microfilm- 



ing but a complimentary treatment that delays the 
need to transfer information to a new media. De- 
acidification by itself, i.e., without parallel strength- 
ening, cannot help the 3 million books that are al- 
ready brittle. 

The basic strategy of the deacidification program 
is to treat all new aqaisitions entering the collec- 
tion first, before putting them into the stacks. In 
addition, books already in the collection would be 
selectively deacidified over time. The Library set 
a goal of deacidifying their entire book collection 
in 20 years. 

The rationale for treating the incoming books 
first is that it should increase the cost-effectiveness 
of the program. Eteacidification is generally believed 
to extend the life of a book by two to five times. 
Therefore, if paper in a new book has 50 years of 
useful life remaining, deacidification can extend this 
to 100 to 250 years. If paper in an old book has 
only 5 years of life remaining, deacidification will 
only extend its life 10 to 25 years. 

The Library also wants to be able to treat other 
formats, and has expressed intentions of experi- 
menting with adding a strengthening step to the 
process. 



STATUS OF THE DEACIDIFICATION PROGRAM 



The Library began its mass deacidification pro- 
gram in 1973. The program now consists of four 
basic subprograms: 

• the development of the plant engineering and 
large-scale facility for the mass deacidification 
process; 

• the development of an appropriate quality con- 
trol program; 

• the development of a book handling manage- 
ment program; and 

• an assessment of the health and environmental 
impacts. 

A master schedule for the program is shown in 
figure 4. 



Process Development 

Most of the effort to date has focused on process 
development. Beginning in 1973, the Library's 
chemists explored various ideas in mass deacidifi- 
cation and invented a unique process utilizing 
diethylzinc (DEZ) vapors. Numerous laboratory 
and large-scale tests have been conducted to ver- 
ify and develop the process. Currendy, a pilot-scale 
system (capable of treating 300 books at a time) has 
been designed and constructed at Texas Alkyls, out- 
side Houston. Texas Alkyls is the principal manu- 
facturer of DEZ in the United States and has been 
working with the Library since the beginning of 
its program. 
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Figim 4. -Library of CongrMt» Mass DMCIdmcatlon Program: 
Currwit Schadula of Major Taaka* January 1968 



Calendar year 



|l9e7| 1988 1 1969 | 1990 | 1991 
Task 7/1 1/1 7/1 1/1 7/1 1/1 7/1 1/1 7/1 


Cw^)sinjct pNot plant 
Commission pilot plant 
PHot plant tsals 
Design fuMcala plant 
FuN-acala tecity bid package 
Construct fufl-ecale fadNty 
Commisskxi and training 
Start facWty opers^ions 
Design book handling syslem 
Toxicotogy risk assessment 
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SOURCE. OWc« of T«chnoloqy A i ww m t n t, 1Q6S, bn»donintormattonraotfMdfromUbraiyofCon^^ 



This is actually the second pilot plant that has 
been built by the Library. The first was designed, 
built, and operated by Northrup Services, Inc.. on 
site at NASA's Goddard Flight Center in Green- 
beh, Maryland. This plant was demolished in 1986 
after two fires and an explosion rendered it inoper- 
able. DEZ is pyrophoric, i.e., it will spontaneously 
ignite in air. Therefore, fire is a hazard that must 
be safely managed. This issue will be more fully 
discussed in chapter 5. 

Constn^ction of the Texas Alkyls pilot plant was 
completed in October 1987. The first tests of the 
plant began in December 1987. 

The Library has contracted with Texas Alkyls 
to run 10 to 15 tests during 1988. These tests will 
evaluate the system's operability, effectiveness of 
treatment, safety, and economics. They will also 
be used to optimize the process parameters, cycle 
times, and final design (including plant capacity), 
for a full-scale system. 

The full-scale plant is scheduled to begin con- 
struction in 1989 and to begin operation in 1990- 
91 , The plans for who wiU design, construct, man- 
age, and operate the plant have not yet been de- 
termined. The option that has received the most 
attention is to locate the plant at Fort Detrick in 
Frederick, Maryland. Under this option, the U.S. 
Army Corps of Engineers would contract for the 
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Books prepared for DEZ treatment experiments 
with weigh cells and thermocouples at Texas 
Alkyls pilot plant. 

design and manage the construction of the plant. 
The Library has stated its interest in contracting 
the management and operation of the plant to a 
private chemical company that has had experience 
in handling materials such as diethylzinc. 

Quality Control 

A quality control program is being designed to 
ensure that the effectiveness of the process is main- 
tained. As of January 1, 1988, test criteria had been 
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proposed that include accelerated aging/fold endur- 
ance tests and analysis of the following major 
factors: 

• completeness of deacidification, 

• average percent zinc oxide deposited, 

• uniformity of zinc oxide deposited, 

• cover stains, 

• text block rings, 

• odor, and 

• other. 

Tests at the Texas Alkyls pilot plant are plann. J 
to provide information so that a statisticaJly vali- 
dated quality assurance program can be developed. 
The most important issue that will be addressed 
is the evaluation of test books as surrogates for ac- 
tual books in the Library's collection. This evalu- 
ation will include data on suitability of various test 
papers, correlation of test book characteristics with 
regular books, and determination of a dose- 
response curve for test papers and its correlation 
with regular books. If test books do not provide a 
suitable surrogate for actual books, then an alter- 
native approach will be necessary. A consultant to 
the Library has suggested using purchased used 
books to represent books already in the Library col- 
lection and extra copies of new books that arc to 
be treated. 

Another issue that will be addressed is the appro- 
priate number, format, and placement in cham- 
ber of test books. 

The pilot plant tests to develop a quality control 
program will also provide a large reservoir of treated 
books of known characteristics and composition for 
research purposes; and data to correlate new test 
paper behavior with that of papers previously used 
but now unavailable. 

Book Handliiig 

Book handling and its management represents 
a major par^ of the deacidification pre gram. This 
part of the program has been divided into three in- 
tegrated projects: 

• the movement of books between the Library 
and the treatment facility, 

• the proceduies for returning trealed books to 
circulation at the Library, and 

• coordination with other preservation programs. 
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First prototype of book handling carts 
for DEZ treatment. 



The movement of books involves both logistics 
and design. The Library has experience in mov- 
ing tens of thousands of books each year, but not 
a million books each year. Loading docks must be 
redesign-'d, and equipment including fork lifts, 
carts, etc., must be designed to operate in relatively 
confined spaces. The obsolete loading dock at the 
Jefferson Building has been redesigned by an out- 
side consultant and con truction work is to begin 
in 1989. The Libr;'ry has also contracted with an 
outside firm to study \e design of book-handling 
equipment and logistic. 

The procedure for returning treated books to cir- 
culation basically requires some form of identifi- 
cation that the book has been deacidified. Logis- 
tics and the design of that identification system are 
considered very important by Library and preser- 
vation specialists. These topics will be addressed 
by the aforementioned study. 

The Library has three ongoing preservation 
activities that also involve pulling books from the 
stacks for treatment of some kind. In addition to 
microfilming, the Library has relabeling and re- 
binding programs. Currently, these programs arc 
not coordinated and books are selected independ- 
endy from the collection. However, these programs 
will have to be coordinated with ihe mass deacidifi- 
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cation program to ensure an efficient operation. 
The coordination between microfilming and dea- 
cidification is the most problematic. Deacidifying 
a brittle book is not cost-effective. However, the 
number of brittle books that would be pulled from 
the shelves would quickly overwhelm the microfilm- 
ing capability of the Library. The costs associated 
with storing and managing a separate inventory of 
brittle books while they await processing may be 
prohibitive. The Library staff is still discussing this 
issue. 

Book handling is a critical factor in any large- 
scale deacidification program. It may actually limit 
the eventual capacity of the deacidification system 
and, although only rough estimates have been 
made, OTA believes it could represent a major 
operating cost. 

Health and Environmental Assessment 

The Library has completed some limited labora- 
tory toxicology studies and extensive literature 
studie? on the health effects of treated books on li- 
brary workers and users. The major change im- 
parted to books during the treatment is the depo- 
sition of zinc oxide in the paper. In general, zinc 
oxide is considered a benign substance. However, 
the effects of exposing the skin to treated papers 
or ingesting treated papers orally were examined 
on mice and rabbits. No adverse effects were iden- 
tified. The Library has also designed an extensive 
animal study to examine the effects, including car- 
cinogenic effects, of ch"^ onic inhalation of the dust 
that may be associated with the process or the 
treated paper. The study was begun in 1987 and 
will take at least 2 to 3 years to complete. 



'^he Library also intends to assess the environ- 
mental impact of the full- scale plant. The Library 
did make an earlier preliminary assessment, dur- 
ing the design of the first pilot plant, but this must 
be redone to take into account the new design. Who 
will perform the new assessment, and in what de- 
tail, will be determined after the design and oper- 
ations planning for the full-scale plant is completed. 

Funding 

The Mass Deacidification Program is a line item 
in the Library's budget. Sir ♦ te beginning of the 
prograum in 1973, the Library nas jp-^nt $4.5 mil- 
lion on process development. Desigji, construction, 
and testing at the Texas Alkyls pilot plant has cost 
$2.P million. Additional funds have been spent on 
designing and planning for the book handling 
managment. The animal study wiU cost about $1.5 
million. 

The Library, at the request of OTA, has esti- 
mated the capital and operating costs for the full- 
scale plant assuming it wiU be placed at Fort 
Detrick. These costs were estimated (by Library 
engineers working in conjunction with the pilot 
plant design team and architects working on the 
full-scale design) at $4.9 miUion to build and $1.8 
miUion per year to operate at a car»acity of 1 mil- 
lion books per year. OTA added a ough estimate 
of certain costs not included in the above figures 
and concluded that total capital costs may be $1 1 . 1 
miUion for the facility and total annual operating 
costs may be $2.8 miUion. 



The Library of Congress has recognized the 
problem of acid deterioration of books and other 
paper materials for a long time. It has invested con- 
siderable effort in the investigation of deacidifica- 
tion processes and has selected one process that best 
suits its objectives. 

The Library 's strategy is to deacidify aU new 
books as they enter the Library (about 350,000 per 
year). In addition, the Library plans to treat the 



rest of its book coUection over a 20-year period. 
Deacidifying old books, mthout strengthening, may 
not be as cost-effective as doing both — i.e., deacid- 
ifirJ*tion and strengthening. The Library intends 
to incorporate strengthening into its program at 
some future time, but has not yet selected an ap* 
proach to do so. 

Selection of the DEZ process by the Library has 
foUowed a logical laboratory routine comparing 
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alternatives on the basis of criteria established by 
the Library for its collection. However, since a de- 
cision to pursue the diethyl zinc (DEZ) process in 
the late 1970s, the Library has directed very littie 
effort toward supporting the development or testing 
of other alternatives. The Library has investigated 
and kept informed of other paper preservation work 
in the United States and abroad, however, most 
of its effort has been devoted to perfecting the DEZ 
treatment process and solving the engineering, 
plant safety, and other problems associated with 
the DEZ chemical treatment plant. 

The Library of Congress has built its second 
DEZ pilot plant and has begun a series of engineer- 



ing and process effectiveness experiments as of this 
writing. It has done early planning but has not yet 
made firm decisions about the management, design, 
construction, and operation of a full-scale facility. 
A total system design would include book selection, 
handling and transportation, and procedures for 
contracting and management of the full-scale plant. 
The Library of Congress needs to consider impor- 
tant details of project planning and management 
soon in order to more accurately determine costs, 
capacity, and operational results of this major un- 
dertaking. 
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Chapter 2 

The DEZ Process and Its Development 



INTRODUCTION 



This chapter briefly describes the DEZ process 
and its ''volution. OTA finds that the evolution has 
followed a reasonable path from laboratory to pi- 
lot plant demonstration. However, OTA is con- 



ducting i*s evaluation in the middle of ongoii^g 
development efforts and there are a number of engi- 
neering issues that remain to be solved, including 
how the Library will scale-up to a full-scale facility. 



THE DEZ PROCESS 



General Description 

The mass deacidification process that the Library 
has been developing uses DEZ vapors to treat 
books. DEZ belongs to a class of compounds called 
metal alkyls or organo-metallics. Metal alkyls, in 
general, and DEZ in particular, will react very 
quickly with free hydrogen ions. Tiierefore, acids, 
being generous donors of free hydrogen ions, will 
react very quickly with DEZ. Deacidification oc- 
curs as DEZ vapors permeate the books and react 
with all acids in the paper converting them to zinc 
salts. 

DEZ vapors also react with water in the paper 
to form zinc oxide. The zinc oxide acts as an alka- 
line buffer that can neutralize any acids that may 
form after treatment. The amount of zinc oxide that 
I'cts deposited depends in a large part on the 
amount of water in the books. It also depends on 
the amount of the DEZ used, time or rate of ex- 
posure, and particular permeability of the paper. 

The process basically consists of three steps; de- 
hydration, permeation, and rehydration. Dehydra- 
tion reduces the amount of water in the books to 
some predetermined amount based on the amount 
of zinc oxide that is desired. Permeation exposes 
the books to the DEZ vapors. Rehydration soaks 
the books in water vapor to restore moisture to the 
books. An optional step during rehydration is to 
soak the books in moist carbon dioxide. This op- 
tion will be discussed more fully later in this 
chapter. 

Metal alkyls arc pyrophorlc, meaning they will 
spontaneously ignite if they come in contact with 
air. Therefore, the book treatment process must 



take place in an air-free environment within a 
vacuum chamber. The Library process uses DEZ 
as a gas only at very low pressure within the 
vacuum chamber. 

The following is a general description of the proc- 
ess as it has evolved to date: 

Books arc placed in a processing chamber. The 
air in the chamber is removed through a vacuum 
pump, lowering the pressure inside the chamber. 
The chamber is kept at a low pressure while the 
books arc heated. Water migrates out of the books 
and evaporates. The evaporated water is removed 
through the vacuum pump. The amount of water 
removed is monitored indirectly by measuring book 
temperatures (see figure 5a). 

Once the desired amount of water has been re- 
moved, the chamber is purged with nitrogen gas 
to ensure that no air remains in the chamber (see 
figure 5b). 

After the chamber is purged, DEZ vapors are 
introduced into the chamber. DEZ vapors react 
with the acids and water in the books generating 
both heat and ethane gas. Exposure io the DEZ 
vapors continues until no more heat or ethane are 
evolved or until the desired amount of zinc oxide 
has been deposited. The amount of zinc oxide that 
has been deposited can be monitored indirectly by 
measuring book temperatures (see figure 5c). 

Ethane gas and unreacted DEZ vapors arc re- 
moved from the chamber. The unreacted DEZ is 
condensed and recycled. The ethane is vented to 
the atmosphere (see figure 5d). 

When the permeation step has been completed, 
the chamber is again purged with nitrogen gas to 
ensure that all of the ethane and unreacted DEZ 
is removed (see figure 5c). 

Alter the chamber is purged, water vapor (or 
moist carbon dioxide) is introduced into the cham- 
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Figure 5.^ Key Steps in the DEZ Treatment Process 

A 




(a) 



(b) 





(e) 

SOURCE Office of Technology Assessment, 1988 

ber The books are allowed to soak in the water 
vapor until much of their original moisture con- 
tent is restored. The amount of moisture taken in 
by the books is estimated by monitoring water in- 
troduced (see figure 51)' 

When the desired amount of moisture has been 
restored, the chamber is vented to the atmosphere 
and opened and the books removed. 



Proceaa Control 

Physical and chemical events during processing 
with DEZ occur over a relatively wide range of tem- 
peratures and pressures. Therefore, fine control of 
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these parameters is not needed except to optimize 
the process. However, there are a few critical tem- 
peratures and pressures that do impose limits on 
the process. Thus the temperatures and pressures 
must be accurately monitored and measures must 
be incorporated to control them. 

During dehydration, the books will lose heat. 
The book temperature must be controlled to pre- 
vent them from freezing and to keep -^ycle time 
short. Also during dehydration, it is undesirable 
for the water vapor in the chamber to condense, 
therefore, the interior surfaces in the chamber must 
be kept above the dew point temperature of water. 
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If the water does condense and remains in the 
chamber as a hquid it will react with the DEZ 
vapors during permeation and will foul the cham- 
ber with excess zinc oxide and will waste DEZ. If 
liquid DEZ should somehow enter the chamber 
during permeation and there is liquid wa.^* present, 
there wiU be a vigorous reaction, generating excess 
ethane and heat which will quickly raise the pres- 
sure and temperature inside the chamber. A pres- 
sure relief valve is fitted in case maximum pres- 
sure limits are exceeded. 

During permeation, the DEZ reactions with the 
acids and water will generate heat. The book tem- 
perature will rise. Paper begins to degrade at 100 ® 
C, and other book materials may be damaged. At 
150^ C, the degradation can be very rapid. There- 
fore, temperatures inside the chamber are kept well 
below 100^ C. At the same time, however, it is un- 
desirable for either the DEZ vapors or the ethane 
gas to condense inside the chamber. Therefore, the 
temperature of the internal surfaces within the 
chamber must be kept above both dew points. 

The most critical constraint in the process is the 
stability of DEZ DEZ begins to decompose at 120*^ 
C. At 150^C the decomposition will become self- 
sustaining and uncontrollable. Therefore, temper- 
atures throughout the system, including the cham- 
ber, are kept below 80^ C . The present system de- 
sign goal is to keep book temperatures at 60** C or 
below. Ongoing pilot plant tests will confirm 
whether this goal is feasible. 

Rehydration also generates heat, about as much 
and as rapidly as does permeation. 

Temperature control in various pieces of hard- 
ware is maintained by circulating heated or cooled 
oi!. The book temperature is controlled by intro- 
ducing heated or cooled inert gas. 

besides monitoring and/or controlling temper- 
aturt, pressure, and book weight, an accurate in- 
ventory of DEZ is maintained. The total amount 
of DEZ at the start of the cycle must be accounted 
for at the end of the cycle. All DEZ holding vessels 
are weighed. The difTFerence in weight before and 
after treatment must be balanced by the amount 
of DEZ that was reacted in the books. The latter 
amount can be determined by the weight gain in 
ti*e books during permeation. Pilot plant tests will 
confirm whether this measurement or some other 



means of monitoring is feasible. The impiortance 
of maintaining an accurate DEZ inventory will be 
evident in the discussion of the first pilot plant's 
accident, in chapter 5. 

In general, the process is relatively straightfor- 
ward, but it does involve a complex sequence of 
operations. It also requires extensive monitoring 
to ensure safe and efficient operation. A coirputer- 
ized distributive control system (DCS) has been in- 
corporated to assist the operator in monitonng, 
managing, and controlling the system. 

The computer continuously monitors pressures, 
temperatures, flow rates, etc. throughout the sys- 
tem. In addition, it continuously monitors the sta- 
tus of all valves (e.g., open/closed) and pieces of 
equipment (e.g., on/oflf). Before the initiation of 
any action, the computer checks these parameters 
against a set of predetermined values, called **per- 
missives," that are programmed for that stage of 
the process. Any action, whether initiated by the 
operator or the computer, cannot be performed if 
these permissives are not satisfied. If the permis- 
sives are breached during operation, or in the case 
of an emergency, the computer is programmed to 
safely halt or shut down the process. The interac- 
tion betv;een the human operator and the computer 
is critical for the safe operation of the plant and wiQ 
be discussed further in chapter 5. 



Cycle Times 

Current estimates of the cycle time for a full-scale 
operation range from 45 to 55 hours. The cycle time 
is limited mainly by the rate at which books can 
be dehydrated. Depending on how the books are 
stacked in the chamber, the larger the number of 
books being treated, the longer it takes for books 
in the interior of the stack to give up their water. 
Dehydration times can be affected by the rate the 
water vapor is pump**d out 3f the chamber. Pump- 
ing too fast, however, will lower the book temper- 
ature too fast. As of this writing, estimatec* dehydra- 
tion times for a full-scale operation would range 
from 25 to 30 hours. Permeation, in a full-scale 
operation, would take from 6 to 9 hours and re- 
hydration 7 to 8 hours. Other steps as well as load- 
ing and unloading books would bring total cycle 
time to 45 to 55 hours. 
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Figura 6.-Simplifiad DEZ ProcMS Fkm Diagram 

Vent 



Vent 




recycle 



(iquid) 



SOURCE: Omot of TtchnotogyAtMSWiwnt. 1966 



Hardware 

The hardware and capital investment required 
for the Library plant is large. Because of the haz- 
ardous nature of DEZ, the need to locate in an area 
zoned for chemical operations, and the lack of avail- 
able space near the Library of Congress, a sepa- 
rate facility away from the Library would have to 
be built . A simplified flow diagram is shown in fig- 
ure 6. The system would consist of the following 
subsystems: 

• a processing chamber or chambers; 

• a vacuum sys. m; 

handling system that would nominally 
include liquid DEZ containers, a DEZ 
vaporizer, condenser(s), pump, and sealpots; 



• a nitrogen gas system; 

• a water vapor system; and 

• a heat exchanger system used for temperature 
control. 

As mentioned, the operailon of the system will be 
managed by a computerized distributive control 
system. 

Capital costs are discussed more fully in chap- 
ter 4. A detailed design of the full-scale plant has 
not yet been started but the general approach would 
be to scale-up from the pilot plant making any 
modifications that appear warranted after complet- 
ing pilot plant tests. The book treatment capacity 
of the pilot plant is about l/25th the scale envisaged 
for the full-scale plant. 
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DEVELOPMENT HISTORY OF THE DEZ PROCESS 



Objectives 

Since its beginning in 1973 the objective of the 
mass deacidification development program has been 
to develop a process that would: 

• process large numbers of books and other for- 
mats, capable of treating the entire book col- 
lection in 20 years; 

• require no preselection (i.e., be compatible 
with all other book materials, inks, pigments, 
etc. and cause no visual or tangible differences 
in the treated material); 

• prolong the life of the book as much as possi 
ble (i.e., permanently and completely neutral- 
ize all acids and deposit a sufficient permanent 
and uniform alkaline buffer); 

• be cost-effective; and 

• be safe. 

Selection of DEZ 

Based on the above goals, the Library decided 
to pursue the development of a vapor phase proc- 
ess as opposed to a liquid phase process. The 
Library's chemists felt that large numbers of books 
could be more quickly and uniformly treated by 
vapor reactants diffusing around and through the 
books. Also, the liquid phase processes in use re- 
quired pretesting to ensure that the materials to be 
treated were compatible with the solvents used. 

There were a few vapor phase deacidification 
processes that had already been developed. A mor- 
pholin^ process was developed at the Barrows Lab- 
oratory, and two amine-based processes, one using 
cyclohexylamine carbonate and one using ammo- 
nia, were developed in England and India, respec- 
tively. 

The Library experimented with the morpholine 
process. The principal limitation of this process is 
its bad odors that cause headaches and nausea in 
process workers. Other problems include an insuffi- 
cient buffer, and questionable health effrcts. The 
process had the potential of forming nitrosamines 
which could be inhaled by woriiers, Morpholine can 
also discolor paper. 



The cyclohexylamine carboaate process was de- 
veloped by Langwell in the early 1960s. The pat- 
ents now reside with B.G. Robertson Laboratories, 
London. Interleaf, Inc. is the sole distributor of the 
product in the United States. This is basically a 
manual process, but is so simple that it could be 
used to treat a substantial number of books. Cy- 
clohexylamine carbonate crystals are placed in a 
packet in a book every 100 pages. Cyclohexylamine 
is volatile and vapors containing the carbonate coin- 
pound permeate through the book, reacting with 
and neutralizing the acids. This process does not 
leave an alkaline buffer, however, and the by 
products from the acid reactions are themselves 
volatile. Under certain conditions, these byproducts 
can revert back to the acid and give off an 
ammonia-like odor. Also, at the time the Library 
was investigating these various processes, the health 
effects of cyclamates were a concern, raising ques- 
tions about the health effects of cyclohexylamines 
as well. 

Kathpalia, also in the 1960s, developed an am- 
monia process. It suffers from many of the same 
problems as the cyclohexylamine process, except 
that the acid reaction byproducts are even more 
volatile. 

Unable to justify developing any of the existing 
processes or chemicals, the Library began to search 
for its own chemical and process. Table 2 is a list 
of the compounds that were evaluated. To meet 
their objectives, the chemical had to have a high 
vapor pressure within the temperature limits of the 
process (i.e., between 0 and SO*' C), it had to re- 
act with all acids present in oooki , without form- 
ing any deleterious reactions with any of the other 
book materials, the acid reaction byproducts had 
to be stable, and an alkaline buffer had to be cre- 
ated to neutralize any acids that could form after 
treatment. 

Metal alkyls represented a class of compounds 
that met these various requirements. Metsd alkyls 
are very reactive and wiU quickly neutralize all the 
types of acids found in paper. In addition, either 
directly or indirectly, ihe metal alkyls react with 
moisture in the paper to form stable alkaline com- 
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Tabit 2. --Compounds Ttstad by the Library's 
Laboratory for Daacidification off Paper, 1970-74 



1 Trfethyl aluminum 

2. DIsthylzinc 

3. Ethylene imlne cyclohexyi amine carbonate 

4. Morpholine 

5. Hexamethylene diamine formaldehyde 

e. Calcium hydroxide and calcium bicarbonate 
(Barrcw two step) 

7. Calcium chloride and ammonium carbonate 
(double decomposition) 

8. Borax 

9. Methyl zinc cart>onate 

10. Magnesium acetonyl acetonate 

11. Magnesium hexafluoroacetyl acetonate 

12. Barium acetyl acetonate 

13. Cyclohexyi amine cartx>nate (Langwell VPD)* 

14. Silane deacldiflcation agent (Dow Coming Z-6020) 

15. Sodium cart)onate and magnesium chloride 

16. Magnesium methoxide and methyl magnt;sium 
cartx)nate^ 

17. Zinc ammonium carbonate 

18. Ammonium zirconyl carbonate 

^Compound us«d in th« Int«r1«af procMt 
''ComiXMind uMd tn th« Wei To proctM 

SOURCE: Ubraiy of CongrMs. 

pounds. The amount of stable alkaline compound 
deposited depends on the amount of moisture in 
the paper and can, therefore, be controlled. 

The metal alkyls, however, were 6f concern re- 
garding one major objective of the development 
program— safety. Metal alkyls are pyrophoric. If 
allowed to come in contact with air, they will spon- 
taneously ignite. Furthermore, they react very 
vigorously with water. Both reactions give off eth- 
ane which is flammable and potentially explosive 
under certain conditions. The metal alkyl-water re- 
action that would deposit an alkaline buffer in a 
book involves very small volumes of these reactants 
and therefore is not a violent reaction. However, 
it will generate heat and must be controlled. 

Metal alkyls have been used for many years in 
a variety of applications. Their major use today is 
as an intermediate in the manufacturing of poly- 
ethylene and polypropylene. Fully aware of the haz- 
ards associated with metal alkyls, the Library felt 
that these hazards were manageable and that the 
advantages of the compounds were worth the costs 
associated with developing a safe process. 

Of the various metal alkyls tested, DEZ had the 
highest vapor pressure in the temperature range in- 
volved. Initial tests indicated that papers exposed 
to DEZ vapors were deacidified, had an alkaline 



zinc oxide buffer deposited, and appeared not to 
be adversely affected in any way. Based on these 
conclusions, the Library proceeded to develop a 
process around DEZ. 

Process Chemistry 

In the early stages of developing the DEZ proc- 
ess, the following reactions were thought to cccur: 

• DEZ vapors react with both weak and strong 
acids to form stable zinc salts and ethane gas. 

• DEZ vapors react with hydroxyl groups on the 
cellulose molecule to form an unstable com- 
pound, ethylzincoxycellulose. During rehydra- 
tion, this unstable compound would form zinc 
oxide and ethane and return the cellulose to 
its original form. 

• DEZ vapors react with aldehyde groups on the 
cellulose molecule to form a stable alcohol and 
ethane gas. 

Originally, processing was based on eliminating 
as much of the water as possible, and using the 
hydroxyl react'on to form the alkaline buffer. It was 
hypothesized that the amount of water in a book, 
nominally 6 percent of the book's weight, would 
impede the permeation of DEZ into the center of 
the book by imn:*^diately reacting with the DEZ on 
the book's outer edges. It was also thought that par- 
tial dehydration of the books during permeation 
would leave a moisture gradient within the books 
that would result in an undesirable gradient in the 
amount of zinc oxide that would get deposited. The 
hydroxyl group, however, could be expected to re- 
main evenly distributed throughout the paper and 
the books and result in a uniform distribution of 
zinc oxide buffer. 

Later experience indicated that this hydroxyl re- 
action must be slow and that most of the alkaline 
buffer that gets deposited is the result of the water 
reaction. A test that exposed very dry pure cellu- 
lose paper to DEZ vapors supports this observa- 
tion. Therefore, the amount of alkaline buffer de- 
posited in the books depends to a large extent on 
the amount of water left in the book. It also de- 
pends on the amount of DEZ the books are exposed 
to, possibly the rate and time of exposure, and the 
particular properties (e.g., permeability) of the pa- 
per being treated. 



ERLC 



29 



After development had proceeded, the Library 
chemists became aware of studies that indicated zinc 
oxide could promote photodegradation of paper. 
The Library conducted a few tests that showed 
treated papers were more sensitive to photodegra- 
dation.^ Although photodegradation is not consid- 
ered a serious problem at the Library, especially 
in relation to acid de^'^rioration and other degra- 
dation mechanisms, a solution to the problem was 
sought. The solution sought by the Library was to 
convert zinc oxide to zinc carbonate, which does 
not promote photodegradation, by soaking the 
books in carbon dioxide after rehydration. How- 
ever, subsequent tests have shown that little if any 
zinc carbonate forms after soaking the books in car- 
bon dioxide. Whether the carbon dioxide soak is 
useful !*r^ will remain as part of the treatment will 
be determined in future tests. 

'George B Kelly and John C Williams, "Inhibitio'i ot Light Sen- 
sitivity of Papers Treated With Diethylzinc/* presented at the An- 
nual Meeting of the Amencan Chemical Society, V Washington, DC, 
September *979 



Development History 

The evolution of the DEZ process is shown in 
figure 7. The Library began bench-scale develop- 
ment in 1974. During these bench-scale tests, a 
pressure cooker was used as a process chamber. 
Sheets of test paper (or segments of books) were 
placed in the cooker. Air was removed and the 
books dehydrated. Dehydration continued until the 
pressure in the cooker stabilized with the vacuum 
pump turned off, indicating maximum dehydra- 
tion. DEZ mixed in various concentrations with 
hydrocarbons (e.g., octane) was injected into the 
cooker as a liquid. The liquid sat at the bottom of 
the chamber and evaporated. Vapors permeated 
up through the paper of books, deacidifying the pa- 
per. Unreacted vapors were condensed at the top 
of the cooker and the liquid recycled. Rehydration 
was typically accomplished with nitrogen gas or al- 
cohol saturated with water vapor which aJso neu- 
tralized any unreacted DEZ liquid remaining at the 
bottom of the cooker. 
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fffkMo cflMlf^; Ubmy cf Congr§9B 

Orloinal pressure cooker test of DEZ at 
Library of Congress 



Typical dehydration times were about 5 hours. 
Permeation times were about 5 hours. 

The treated papers were evaluated for pH, zinc 
oxide content, and brightness. Some of the papers' 
fold endurances were also measured after acceler- 
ated aging. Typically, the results were positive, and 
are discussed in more detail in the next chapter. 

The goal of the program, to treat the entire book 
collection in 20 years, required that the system had 
to treat about 1 million books per year. If two sin- 
gle chambers were used, 7,500 books would have 
to be treated in a single chamber. To test the fea- 
sibility of the process at this scale, a series of larger 
scale tests were begun. 

In 1979, the Library contracted with General 
Electric's (G.E.) Valley Forge Space Center to use 
one of their large thermal/vacuum chambers, nor- 
mally used for simulating space environments. The 
tests treated 400 books at a time. The principal ob- 
jective of these tests was to confirm the feasibility 
of the process at this moderate scale. In addition, 
a variety of processing conditions were evaluated, 
including different ways of stacking the books in 
the chamber. 

The G.E. chamber that was used was 12 feet in 
diameter and 26 feet long. Various processing hard- 
ware was fitted onto the chamber. The system was 
essentially the same as that used in the Library. 
A vacuum pump removed the air from the cham- 



ber. Liquid DEZ mixed with a hydrocarbon, Iso- 
par E, was introduced into the chamber and allowed 
to vaporize in the chamber (the last test used 100 
percent DEZ, called neat DEZ). However, because 
of the larger volumes of DEZ required to treat 400 
books, it was introduced incrementally, as a precau- 
tion, to ensure that the amount of heat generated 
would not raise the temperature above the limits 
mentioned earlier. A separate pump was used to 
remove the ethane and unreacted DEZ vapors. 
These were removed into sample botdes. Unreacted 
DEZ liquid at the bottom of the chamber was neu- 
tralized with alcohol. 

A. total of four tests were conducted. Complete 
deacidificadon was achieved in two of the tests. Zinc 
oxide contents ranged from 0.5 to 1.4 percent. It 
was concluded that the best operating conditions 
were long exposures at low pressures using 100 per- 
cent DEZ. 

The best book-stacking configuration seemed to 
be closed with the spine down. However, in each 
of the tests, tide marks were observed on the cov- 
ers. The tide marks were diffraction patterns caused 
by excess zinc oxide. It was hypothesized that the 
tide marks were caused by a thin film of DEZ 
trapped between the books. Book covers generally 
hold more water than the inside pages, providing 
excess moisture for the excess DEZ to react with. 
It was recommended that books be separated to al- 
low good circulation of DEZ between the books. 

Another observation was that moisture and small 
air leaks into the system seemed to produce un- 
wanted zinc oxide throughout the system, present- 
ing a potential maintenance problem. It is also pos- 
sible that small air leaks lead to the visible zinc oxide 
surface deposition on books. 

The test also demonstrated that relatively large 
amounts of DEZ could be handled safely during 
treatment. Further work would have to be done to 
optimize the treatment, to reduce the amount of 
cycle time, and to remove the tide marks from the 
covers. 

Encouraged by these results, the Library con- 
tinued scaling up the process. In 1981 , the Library 
contracted with NASA's Goddard Space Flight 
Center to use one of their thermal/vacuum cham- 
bers to treat 5,000 bor^',s. 
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Photo crwdit: Ubrmy of Congma 

Chamber used at NASA-Goddard for DEZ treatment 



Although this was basically a feasibility test, a 
substantial amount of engineering was done on the 
various pieces of hardware. A large number of 
safety reviews were conducted including a typical 
NASA fault tree analysis. Also, 15 separate sub- 
system operating procedures were detailed. This 
single test, including planning, design, and con- 
struction, took 1 year. 

Books were loaded in crates, separated by 
spacers, and marked by their location within the 
chamber. Dehydration took 4 days (96 hours). The 
books were exposed to DEZ incrementally for 6 
days (124 hours). The books were rehydrated for 
24 hours. 

The results of the test were mixed. There were 
three major problems. 

First, treatment w£is not uniform throughout the 
stack of books. Books at the bottom half of the 
chamber were completely deacidified and had a 
average zinc oxide content of 2.2 percent. Books 
at the top levels of the chamber were hardly dea- 
cidified at aU and had almost no zinc oxide depos- 
ited. Books in the middle of the stack were partially 
deacidifled; the outer portion of pages were dea- 
cidified, but at the center of the book the pages were 
not deacidifled. These middle books also had very 
little zinc oxide (about 0.2 percent). These results 
agreed with the data collected from the individual 
books that were monitored during the process. 



The size of the Goddard chamber was 10 feet in 
diameter and 15 feet long. The system was basi- 
cally the same as the one used at G.E. with one 
major exception. DEZ, mixed with mineral oil, was 
first fed into a vaporizer and introduced into the 
chamber as a vapor. It was fed incrementally as 
a precaution and to control temperature rises in the 
books. The only temperature control for the books 
was radiant heat from the chamber walls. The un- 
reacted DEZ was condensed a«id recovered. Alco- 
hol was still available should any liquid DEZ be 
left in the chamber after permeation. Saturated car- 
bon dioxide was introduced during rehydration to 
test the conversion of zinc oxide to zinc carbonate. 

In addition to the system instrumentation, in- 
dividual books were also monitored for weight and 
temperature to better track the process throughout 
the stack of 5,000 books. 




Photo endh: Ubemy of Congrom 

Books being prepared for NASA-Goddard test 
of DEZ treatment 



ERIC 



AO 



32 



Books at the top showed little temperature rise. The 
temperature of books in the middle rose near the 
end of the process, and the books at the bottom 
showed early increases in temperature. The evo- 
lution of ethane also indicated that most of the re- 
actions occurred early in the process. 

The cause of this first problem was judged to be 
stratification of the DEZ vapors and the evolved 
ethane. DE7 was introduced near the bottom of 
the chamber. Ethane, being lighter, naturally rose 
and sat at the top of the chamber. With only small 
amounts of DEZ being injected at any one tiu.e, 
the environment inside the chamber was basically 
static. Ethane impeded the flow of DEZ vapcrs to 
the upper books. 

Th** *econd problem was that the zinc oxide was 
deposited in rings. The concentration of zinc ox- 
ide in these rings was high on the outside rings and 
diminished towards the center of the page. The 
rings were blamed on the incremental pulsing of 
the DEZ into the chamber. The h)^thesis was that 
as the permeation step proceeded, water continued 
to migrate out to the edges of the books. With each 
new pulse, more zinc oxide would be deposited on 
the outside edges. 

The third problem was at tide marks remained 
on the covers, duplicating the patterns of the spacers 
used to separate the books in the crates. 

However, the tests were conducted safely at this 
scale. 

To solve the treatment problems the Library con- 
tinued with a series of smaller scale tests at God- 
dard. A large diffusion pump housing was used as 
the process chr jnber. Books were stacked in the test 
chamber in two 50-book stacks. 

Thirteen tests were conducted. The first test 
duplicated the conditions and, thus, the problems 
of the 5,000-book run. The rest of the tests were 
aimed at solving the various problems. To correct 
the ring problem, a continuous DEZ vapor feed (1 
pound per hour (Ib/hr)) and collection system was 
developed. To correct for the stratification in the 
chamber, DEZ gas was fed through the system at 
a high rate to induce better mixing in the cham- 
ber. A variety of spacer designs and spacing dimen- 
sions were also tested. 



Cycle times of these small-scale tests were re- 
duced to about 45 hours. Complete deacidification 
throdghout the stack of books was achieved in a 
number of these tests. Uniform zinc oxide was also 
achieved. None of the spacer designs totally elimi- 
nated the lide marks. However, by minimizing the 
contact between book and spacer the excess depo- 
sition of zinc oxide was reduced almost beyond de- 
tection. 

Encouraged by the results of these small-scale 
tests, the Libn-^ry decider o build a pilot plant at 
Goddard. This would be the first attempt at engi- 
neering a system for commercial feasibility. North- 
rup, NASA's engineering contractor at Goddard 
who designed and operated the 5,000-book and the 
small-scale tests, was responsible for the design, 
construction, and operation of the pilot plant. The 
plan. \as built in an existing NASA building. 

The system was designed to treat 300 books. Two 
new continuous DEZ vaporizers were to be tested. 
One would feed DEZ vapors into the chamber at 
60 Ib/hr, the other would feed it in at 200 Ib/hr. 
The DEZ vapors were to be condensed and recy- 
cled during the process. 

Construction was completed in October 1985. 
In December, during the final check of the system, 
however, an accident occurred. A fire broke out 
in the chamber. There were no injuries; property 
damage to the building was minimal but somewhat 
more extensive to the processing equipment. While 
attempting to safely deactivate the system, an ex- 
plosion occurred and another fire broke out. Again 
there were no injuries, however, the system was 
judged by NASA officials to be unsafe and an Army 
demolition team was brought in to safely decom- 
mission the plant with small explosives. 

A more detailed account of the incident will be 
given in chapter 5. The information for this OTA 
study was taken from the NASA Accident Investi- 
gation Report of September 4, 1986, as well as 
OTA and NASA meetings and conversations dur- 
ing August-September 1987. However, the prin- 
cipal finding of the in-house accident review com- 
mittee was that standard safety procedures and 
practices were not followed in both the design and 
operation of the the plant. The care and detailed 
analysis that went into the test facilities were not 
repeated in the pilot plant. 
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After the accident, the Library of Congress dis- 
continued its working arrangement with NASA. 
However, using the experience ^wined in the fail- 
ure of the first pilot plant, and implementing all 
of the recommendations made by the NASA acci- 
dent review team, the Library has contracted for 
and built a second pilot plant at Texas Alkyls' site 
outside Houston, Texas. Texas Alkyls has been the 
Library's principal supplier of DEZ and has over 
20 years of experience in manufacturing and han- 
dling DEZ and other metal alkyls. 



The plant has been designed to treat about 300 
books. The cbai iber is 6 feet in diameter and 6 feet 
long. The pro':ess uses 100 percent DEZ. The DEZ 
is continuously vaporized and introduced into the 
chamber at high flow rates. Unused DEZ gas and 
ethane is continuously pumped out of the cham- 
ber with the unu sed DEZ vapor condensed and 
recycled anu the ethane vented. 



DISCUSSION 



A number of tests have been planned for tlie new 
pilot plant. In general these tests will provide engi- 
neering and operational information for the com- 
mercial plant, including maintenance needs, man- 
power requirements, reliability and safety of the 
design and operations, and optimal tempera- 
ture/pressure parameters for the various steps in 
the process. Specifically, there ar also four major 
development issues that still need io be resolved. 
These are optimizing the DEZ flow rate, optimiz- 
ing book configuration, reducing cycle time, and 
collecting scale-up engineering data. 

The fl^w rate of DEZ into the chamber is very 
critical for tv/o reasons. First, it is important to 
simultaneously expose as many books as possible 
to the DEZ vapor. DEZ will start to react quickly 
with the first books that it comes in contact with. 
Therefore, if the DEZ is not uniformly distributed 
at a high enough rate, deacidification will not oc- 
'^ur in a reasonable exposure time. 

The flow rate is also critical in ensuring that the 
DEZ and the ethane that is evolved during per- 
meation will be thoroughly mixed, prohibiting a 
st?atification of gases within the chamber. 

The small-scale tests .nn at NASA after the 
5,000-book run showed that a high DEZ flow rate 
can eliminate the problem. A principal task dur- 
ing the piiot plant tests will be to duplicate these 
results. The pilot facility is capable of generating 
flow rates t'^at v/' 'Id be equivalent to 10,000 Ib/hr 
in the full-scale pLr.t, but it is doubtful that a flow 
rate this high will be necessary. 



Book configuration also plays a role in the cir- 
culation of vapors within the chamber. The prin- 
cipal issue involving book configuration, however, 
is the spacing between books. Spacing between 
books plays a critical role in preventing the excess 
zinc oxide coating from depositing on book cov- 
ers. The problems of ring formai on, chamber uni- 
formity, and cover staining were resolved in the 
final small-scale tests at Goddard. The pilot facil- 
ity will be used to duplicate these results. 

The question of cycle times was discussed in the 
process description. A conservative estimate of the 
total treatment time ranges from 55 to 72 hours. 
A goal o^" the pilot plant studies is to reduce this, 
if possible, to 48 hours. This would greatly increase 
the number of books that could be processed and 
lower the costs. 

The rate-limiting step appears to be the dehydra- 
tion step. The time it iakes for water to diffuse out 
of the books will depend on the rate at which the 
chamber can be pumped to a rough vacuum, and 
the rate at which the book's temperature can be 
controlled, "^ re chamber vacuum pump is sized to 
bring the ch.^nrber down to a rough vacuum (about 
2.5 torr^) in l'^ hours. However, pumping too fast 
may lower the book temperature too much. A warm 
nitrogen gas step would then be required to raise 
the temperature of the books back to a higher tem- 
perature. Book configuration may also affect the 
time needed for this cycle. Book carts and spacers 

measure of absolute pressure in millimeters of mercury— 1 ton- 
is equivalent to 1/760 of atmospheric pressure 
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must be designed to allow books in the interior of 
a stack enough time to get to the desired moisture 
content. 

The principal issue in scaling up to a commer- 
cial plant is whether to achieve the desired capac- 
ity with one larger chamber (up to 7,500 books per 
run) or design i.. '*ltiple chambers of a size close 
to that :>f the pilot plant chamber. There are many 
reasons that favor the latter approach. 

Multiple chambers would basically reduce the 
amount of down time in the system. If one cham- 
ber is shut down, the others can continue to oper- 
ate. It also allows the various subsystems — i.e., the 
DEZ recycling pump, the chamber vacuum pump, 
etc. — to operate more continuously reducing the 
chance of failures associated with the startup and 
shutdown of those components. 

Also, keeping the chamber not much larger than 
the pilot plant chamber will introduce less uncer- 



tainty in reproducing the flow characteristics 
achieved in the pilot plant. Although most of the 
scaling up associated with a (large) single-chamber 
design would be relatively straight forward, repro- 
ducing the flow characteristics in a greatly enlarged 
chamber would not. 

The principal disadvantages in going to a mul- 
tiple-chamber design would be some increase in the 
complexity of operations. Cost factors would also 
need to be evaluated. Depending on their design, 
several multiple chambers may cost more or less 
than a single large one. Also, the chemical plant 
section for multiple chambers could possibly be 
smaller and lower cor . Finally, with multiple cham- 
bers, the control of the process would require careful 
monitoring by the distributive control system and 
greater complexity in the interlock design and oper- 
ations which may also affect cost. 
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Chapter 3 

Effectiveness of the DEZ Process 



INTRODUCTION 



The purpose of this chapter is to assess the ef- 
fectiveness of the DEZ process and th^ expected 
benefits of the Library's program. The Library of 
Congress has performed a substantial number of 
icsts during the development of its process and has 
made the results available for this study. Over the 
past several years, however, the Library had not 
widely disseminated this test data or published the 
results. Upon the request of OTA, the Library has 
written a report of its small-scale test program at 
NASA. This is separately available from OTA or 
the Library upon request . ^ This, together with data 

'Lib.-ary of Congress. Kicscrvation Research and Testing Office 
Report on the Thirteen SK-all-Scale Test Runs of the DEZ Deacidifi- 



from the original patent, G.E. and NA'iA contrac- 
tor reports, and interviews with the Library form 
the b?sis of this chapter. 

This chapter is divided into four major sections: 
1) Goals and Criteria describes the objectives of the 
Library's deacidification program; 2) Library of 
Congress Test Methods describes procedures used 
by the Library to evaluate DEZ treatment; 3) Li- 
brary of Congress Test Results; and 4) Discussion 
presents OTA conclusions about the effectiveness 
of the DEZ process. 



cation Process at Goddard Space n,ght Center in 1983. 1984, 1985; 
December 1987, unpubhshed 



GOALS AND CRITERIA 



The goals of the Library's process development 
program relating to effectiveness are: 

• prolong the life of paper in books and other 
formats as long as possible, 

• no preselection, and 

• capable of ti eating the entire book collection 
in 20 years. 

In order to achieve these goals, the Library has 
articulated a set of criteria that the process must 
satisfy: 

• a demonstrated improvement in book life, 

• a complete and permanent neutralization of 
all acids, 

• an adequate and permanent deposition of an 
alkaline buffer, 

• uniform treatment within each book and 
throughout all books, 

• compatibility with all other book materials, 

• capable of treating about 1 million books per 
year, and 

• capable of treating other formats, e.g., boxed 
manuscripts, maps. 

The life of a book can be defined as the time it 
takes for a book to deteriorate to a point where its 



information is no longer available. There are no 
standards, however, by which to measu.^ deterio- 
ration or at what point it has rendered the infor- 
mation in a book inaccessible. A commonly used 
measure of book life and the one used by the Li- 
brary is the decline in fold endurance. Fold endur- 
ance is the number of times a piece of paper can 
be folded, either 90 or 270^, under tensior , before 
it breaiks. The fold endurance of paper will decrease 
with age and is indirectly related to the degree to 
which the paper has degraded. The Library com- 
pares the decline in fold endurance of treated and 
untreated paper to demonstrate the effectiveness of 
its process. The results of fold endurance tests arc 
influenced by depolymerization of the cellulose mol- 
ecule, and by changes in the degree of crystalliza- 
tion and crosslinking— all chemical changes which 
are mainly responsible for the degradation of pa- 
per upon aging. The 1 ibrary uses this test because 
they have concluded that it is more sensitive than 
other commonly measured physical properties, such 
as tensile strength, resistance to tear, wet strength, 
or burst. 

The decline in fold endurance must be measured 
over time. Because the life of modern papers may 
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range from 50 to 100 >c?rs, natural aging is not 
practical for analysis. Therefore, treated and un- 
treated papers must be aged artificiaUy. Artificial, 
or accelerated, aging is done in an oven under con- 
trolled temperature and humidity. The assumption 
is that the mechanisms responsible for natural aging 
can be accelerated if the paper is exposed to ele- 
vated temperatures. A rough correlation is that 72 
hours at 100^ C is equivalent to 25 years of natu- 
ral aging. The actual relationship will vary from 
paper to paper and must be determined by taking 
measurements at at lea.^t two different aging tem- 
peratures. It may also depend on the initial age of 
the paper. 

To prolong the life of the books ^s much as pos- 
sible, the Libraury maintains that the process must 
completely and permanently deacidify all of the 
acids present in the paper. Stable papers have a pH 
of at least 7. The Library has set a pH of 7 as the 
minimum for adequate deaddification. If the pH 
of paper gets too hi^ it actually becomes too alka- 
line and can begin to deteriorate by other mech- 
anisms. 

The deacidification must also be permanent so 
that the treated book does not become untreated, 
i.e., so that part or all of tlie byproducts formed 
during deacidification do not spontaneously react 
and revert back to acids over time. As mentioned 
eaiiicr, the Library ruled out the c mine-based proc- 
esses for this (and other) reasons. 

In addition, the process must deposit a sufficient 
amount of permanent alkaline buffer throughout 
the book. A treated book can become acidic again 
due to the continued conversion of alum, lignin, 
and other book materials to acids, or from the ab- 
sorption of poQutants from the environment. A oer- 
manent alkaline buffer will protect against this rea- 
cidification. Again, the alkaline buffer must be 
permanent and not decompose or migrate out of 
the paper, to provide maximum protection. 

An adequate amount of buffer is required to pro- 
vide the protection over a long period of time. 
Originally the Library considered a goal of 2 to 3 
percent zinc oxide. The Library has since deter- 
mined that for the DEZ process, depositing 1 .5 to 
2.0 percent by weight of zinc oxide in the paper 



will provide the best enhancement of permanence 
at the lowest cost (see figure 8). 

Of course, uniform treatment is necessary to en- 
sure that the entire book is protected. Areas that 
are not treated, or acids that are not neutralized, 
will continue to degrade. For books, it is impera- 
tive that the treatment reaches into the spine of the 
book. 

Compatibility with other materials found in 
books, such as adhesives, labels, covers, inks, pig* 
ments, coatings, etc., causing no visual or tangi- 
ble differences in the treated paper means that no 
preselection or sorting would be necessary prior to 
treatment. To some extent compatibility is an aes- 
thetic issue, but one that is insisted on by most 
librarians and curators. However, there are prac- 
tical reasons as well. For example, if inks or colors 
lun or transfer, or if labels faU off, information may 
be lost. 

The Library has set for itself the goal of treating 
all of its book collections within a 20-year period. 
This means that between 1 and 1.5 million books 
must be treated each year. The Library also intends 
for the process lu have the ability to easily and ef- 
fectively treat other formats because all paper col- 
lections have similar add embrittlement problems. 



Figim a-MIT Fbkf TmI ti/s v. Zinc Qxidtt Content 



(thrae last papers aged at humid conditions - 

90''C and 50% RH) 
40 I 




Zinc oxide in paper (%) 

SOUACE: Ubr»iyofCooom« 
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LIBRARY OF CONGRESS TEST METHODS 



The Library uses a variety of standardized tests 
described below to evaluate the effectiveness of their 
process. 

To demonstrate the effectiveness of the DEZ 
process in extending the life of a book, treated and 
untreated papers are artificially aged in an oven 
at 90^ C and a relative humidity, RH, of 50 per- 
cent and a dry oven at 100 C and 0 percent RH. 
Aging takes place for up to 100 hours with sam- 
ples pulled at 5- to 10-hour intervals. Following 
aging, specimens taken from both the treated and 
untreated paper are then tested in an M.I.T. fold 
endurance machine. (TAPPI Standard T 511 su- 
69, "Foldiiig Endurance of Paper. The machine 
repeatedly bends the paper specimen through a 
270° angle, with 0.5 kjr of tension (a modification 
of the TAPPI standard) on tlie paper. The num- 
ber of times the paper is bent before it breaks is 
recorded, and represents the fold endurance. By 
comparing the difference in the loss of fold endur- 
ance, after similar accelerated aging times and con- 
ditionsy the difference in the rate of deterioration 
between the treated and untreated paper can be de- 
termined. Alternatively, comparing the number of 
days (i.e., years) it takes before the paper has lost 
all of its fold endurance can provide a measure of 
how long the life of the book has been prolonged. 
This measurement is usually performed on test 
papers— not papers from actual books. Some re- 
searchers outside the Library have noted that fold 
endurance is sensitive but over a relatively narrow 



range in comparison to tensile or certain other 
measurements and that fold endurance works best 
for new, relatively strong papers. 

To determine whether deacidification has been 
complete, the Library determines the average pH 
of the paper using a modified standard TAPPI test.* 
Randomly selected pages from a randomly selected 
book, are ground up into a slurry and the pH of 
the slurry measured by titration. This does not give 
an indication of the uniformity of treatment across 
the page, but is a more sensitive measurement of 
pH. Specific pH values mentioned in this chapter 
are the results of slurry tests. 

To ensure that enough zinc oxide has been de- 
posited, the Library randomly selects a page or a 
portion of a page from a randomly selected book, 
macerates the paper into a slurry and determines 
the amount of zinc oxide present by acid titration. 

Nonquantitative tests are used to demonstrate 
completeness of treatment. The Library determines 
whether deacidification has been complete by gray- 
ing randomly selected pages from randomly sdected 
books or paper with a pH-indicating solution. If 
the paper has been completely neutralized, the en- 
tire page, including down into the spine of the book, 
will be a color associated with a pH of 7 or greater. 



TAPPI Sundard T 509 ot-77; "Hydrogen Ion Concoitnttion (pH) 
of Paper Extractfl--Cold Extraaion Method*'; the Library modifica- 
tion is to use a blender to produce a slurrv 






PholQ emOlt Ubmy of Cw ffmu 
Fold endurance test apparatus 




Photo otodH: Ubnty of OohQnoo 
pH test apparatus 
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If the treatment has not been complete, areas on 
the page will be a color associated with a pH less 
than 7. 

To ensure that the deposition has been uniform, 
the selected pages are placed under an ultraviolet 
lig^t. The zinc oxide will fluoresce, revealing its 
location on the page. These visual observations 
have been confirmed by more elaborate quantita- 
tive measurements of uniformity across a page 
using x-ray fluorescence and atomic adsorption 
techniques. Additional evaluations of uniformity 
of zinc oxide deposition have been made using scan- 
ning electron microscope techniques. The micro- 
scope scans sections of the paper with electrons. 
When hit by the electrons, the different elements 
in and on the paper, will emit their own charac- 
teristic X rays. By just sensing the x rays charac- 
teristic of zinc, the location of zinc can be deter- 
mined. The intensity of the x rays also gives a 
semi-quantitative measurement of how much zinc 
is present. 

Visual inspection has been the principal method 
used by the Library t& determine whether the treat- 
ment has been compatible with all other book ma- 
terials. Pages of books were inspected for yellow- 



ing or other discoloration, transfer of colors from 
one page to another, running of inks, the accumu- 
lation of reaction byproducts, etc. The books were 
also inspected for any loss of adherence in areas 
where glues or other adhesives are used. 

The Library at times has measured the bright- 
ness before and after treatment, as well. Brightness 
is determined by measuring the paper's blue reflec- 
tance. The paper is lit with white light from a stand- 
ard lamp. The light reflecting off the paper passes 
through a blue filter and its intensity recorded by 
a photo cell. The output of the photo cell is cali- 
brated with a standard of known reflectance. 

The Library has also conducted a test to deter- 
mine whether any reactions occur between the DEZ 
and a few of the most common materials to be 
found in or on books. This is discussed further in 
the following section 

Because of its priority to deacidify books, thus 
far, the Library has only conducted a limited num- 
ber of tests on other formats. Zinc oxide contents 
and pH were measured on maps treated in the G.E. 
tests. The Library plans more thorough testing of 
other formats in 1988 at the Texas Alkyls pilot 
plant. 



LIBRARY OF CONGRESS TEST RESULTS 



Published documentation of the DEZ process' 
effectiveness is limited. Many tests have been run, 
and much data has been accumulated. However, 
die external reporting of the results has been limited 
in the view of some other preservation scientists. 
The principal documentation of the process' effec- 
tiveness is found in the process patent which con- 
tains the results from a coUection of early lab tests 
and in the list of publications in appendix E. These 
results, and some selected data from the larger scale 
tests, have convinced the Library that if they can 
achieve a uniform deacidfication and a uniform 
deposition of 1.5 percent zinc oxi(*e in the books, 
the life of the books can be extended between three 
to five times. All subsequent work has been devoted 
to achieving these results in scaled-up systems. Most 
of the data that have been collected have been pH 
measurements, zinc oxide content, and some fold 
endurance measurements. Since most of the devel- 



opment has involved optimizing the process, these 
data include good and bad results. Since the Li- 
brary has not published a comprehensive report on 
the results of all past experiments, OTA requested 
the Library to prepare a report on the most recent 
set of tests conducted at NASA in 1985-86. That 
report Is available separately from the Library. 

Acid Neutralization 

The effectiveness with wnich DEZ neutralizes 
acids is fairly well-established. DEZ is known to 
be an avid scaveng;'r of hydrogen ions and there- 
fore should react direcdy with all acids very quickly. 
Test results support this. In data presented in the 
patent, single sheets of various types of papers were 
treated for 1 hour. The results, shown in table 3, 
indicate that DEZ can quickly neutralize the pH 
of a wide variety of acidic papers, including news- 
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Tabto 3.— Comparison of pH Bofora and Aftor DEZ Troatmont 
and Zinc Oxido AJtor DEZ Treatment for Various Tapers 









/o zinc oxide in 




pn DOTOiB 


pn aner 


pap8r after 


Paoer 


tre3tment 


treat Tifint 


treat niAnt 


Newsprint 


5.4 


7.8 


0.89 


Offset paper (LClB) 


5.8 


7.9 


2.02 


Made Rite offset 


5.6 


8.2 


1.48 


Whatman filter paper #1 


6.6 


8.1 


0.94 


100% rag ledger (GPO#773) 


6.2 


8.0 


1.37 


Old book paper (rag) 








published 1820 


5.3 


8.1 


0.79 


Berestoke text (handmade) 


4.7 


7.6 


1.42 


Crane's distaff linen antique laid . . 


5.2 


7.7 


0.54 


Mead bond 


5.9 


7.7 


0,82 



NOTE: ThM« OtU wn Wmx from Pattnt #4^1^ (S«pt 26, 1977). Papers were treated for 1 hour (protMbly individually) 
durtrtg Library lab tests prtor to 1977 
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print. In one case it raised the pH from a low 4.7 
to a slightly alkaline 7.6. In another experiment, 
32 sheets (16 sheets of bond and 16 sheets of news- 
print) were stacked inside the pressure cooker and 
treated. pH measurements of the top, middle, and 
bottom sheets showed that DEZ could effectively 
penetrate and neutralize acids (see table 4). In 
another experiment, a book was cut in half and 
treated. Pages throughout the book wf re deacidi- 
fied, the pH after treatment averaged 7.36, show- 
ing that DEZ could effectively penetrate a closed 
hook, f igi»rc 9, showing results of pH measure- 
ments from NASA test runs, also indicates that a 
variety of papers with different acid contents can 
be fairly uniformly brought to pH values clustered 
in a narrow range ( ±0.5) around 7.2. 

T^aC byproducts of the neutralization are zinc 
salts. The principa reaction is believed to be be- 
tween DEZ and sulfuric acid (the major acid spe- 
cies in paper) to form zinc sulfate. The original sul- 
furic acid was formed by water reacting with the 
alum (aluminum sulfate). Water, too, can react 
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pH 



SOURCE: UbwyorCongrsM 



with zinc sulphate, to reform aci^ Some researchers 
have postulated that the reformation of acid from 
zinc sulfate could lead to a depletion of the zinc ox- 
ide buffer more rapidly than anticipated. However, 
the Library has investigated this and concludes that 



Table 4.— pH and Zinc Oxida Content of DEZ Treated Papers 
for Various Locations 



pH 



Bond paper 
~%ZnO 



Newsprint 



pH 



%ZnO 



Untreated 5.3 

Treated: 

Sheet #1 (top of pile) 7.7 

Sheet #16 (center of pile) 7.7 

Sheet #17 (center of pile) 

Sheet #32 (hottom of pile) 

SOURCE: U.S. Paftnt #4,051^ 



0.81 
0.62 



4.9 



7.7 
7.7 



0.58 
0.81 



so 
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the acidity contributed by zinc sulfate is much less 
than the buffering provided by zinc oxide. Test re- 
sults from paper treated in a liquid solution of DEZ 
and h?xane show that the pH of the treated paper 
cali be maintained after aging, whereas the pH of 
the untreated paper drops dramatically (see table 
5). These tests have not been performed with papers 
treated with DEZ vapors, nor was it stated how 
much zinc oxide was deposited or consumed. 

Deposition of Alkaline Buffer 

Patent data from eariy lab tests shows that a wide 
range of zinc oxide contents can be achieved. In 
the papers treated for 1 hour, zinc oxide contents 
ranged from 0.54 to 2.02 percent. (See table 3.) 
Zinc oxide contents in both the sectioned book and 
in the stack of papers that were treated, showed zinc 
oxide contents weU below 1.5 percent. In the ex- 
periment that exposed a stack of papers to higher 
amounts of DEZ, zinc oxide contents up to 3.69 
percent were achieved. Zinc oxide contents as high 
as 9 percent have been deposited. The Library plans 
to conduct more extensive tests of this type during 
their current pilot plant tests. 



Tabto 5.— Drop in pH Treated v. Untr#at«d Paper 







pH 


Paper 


Before aging 


After aging 12 days* 


Offset QPO #21056: 






Untreated 


6.8 


4.6 


Treated 


7.6 


7.1 



^Agtd at 90 "C and 50 percent r«lttlva humidity 



SOURCE' Patent #4,051^. 



Uniform Treatment 

When treating large numbers of books, complete 
and uniform deacidification throughout the entire 
batch becomes a major issue. Tests at G.E. (400 
book tests) and at NASA (one 5,000-book test and 
thirteen 100-book tests) confirm that all books can 
be completely and uniformly deacidified if enough 
DEZ and enough time a e provided. If enough tirne 
or DEZ are not provided, or if the books are not 
positioned in the chamber to be exposed to DEZ, 
or if the DEZ does not circulate properly, some of 
the books will not be completely treated. Eteacidifi- 
cation is a diflusion limited process. The outer edges 
of the outer pages are deacidified first. The center 
of the center page is deacidified last. The results 
of the G.E. tests are shown in table 6. In two of 
the tests deacidification was incomplete. The effect 
of poor DEZ circulation is demonstrated by com- 
plete lack of deacidification of books located near 
the top of the 5,000-book chamber. (See figure 10.) 
Complete deacidification in these tests was deter- 
mined by spraying selected pages with a pH indi- 
cator solution. Average pH determinations were 
made by cold extraction titration. Because the re- 
sults of the NASA tests were mixed, it is impor- 
tant that the pilot plant tests currently underway 
demonstrate that reasonable uniformity can be 
achieved under a set of standard operating condi- 
tions and with the expected variety of materials to 
be treated. 

When uniform deacidification does occur it ap- 
pears to be very uniform, regardless of book loca- 



Table 6.— Results of the Q.E. Tests for Uniform Treatment 





Book 


DEZ mixture 


Drying time 
(hours) 


Exposure 






Batch 


weight 


weight 


Pressure 


Time 


Qualitative results 


Typical ZnO deposit* 


1 


. 980# 


32# 


44 V4 


625 torr 


24hrs 


Only partial 
deacidificat'on 


Booi(s 1%, maps 1.85% 


2. .. 


. 881# 


56# 


89V4 


25 torr 
600 torr 


2o hrs 
114 hrs 


Total deacidification 


Books 0.573%, maps 
2.7% 


3A ... 
3B ... 


. 1.086# 


70# 
30# 


7 


36 torr 
20 torr 


29 hrs 
24 hrs 


Mixed— 30% to 100% 
deacidification 

Mixed— 30% to lOO^Vi 
deacidification 


Books 1.04%, single 

exposure 
Books 1.43%, maps 

1.57%, double 


4 


8201 


261 
16# 


124 


23 torr 
43 torr 


24 hrs 
72 hrs 


Total deacidification 


exposure 



^« teMd on dMCldlfM pofliona-ptr Q«orot K«iiy, Ubrary of CongrtM 
SOURCE. Oonoral Eloctric, Valfty Forge Space Cont«r, Report to the Utrary of Coftgrett, December 197S 
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Figim ia-NASA-5.000 Book TmI, pH RMutts 
From Book Papors at Diffarant Chambar Locattona 



Top of 
chamber 







pH < 


5 








pH > 


7 








pH > 


7 


® 1 



Bottom of 
chamber 



zinc oxide with varying concentrations. Outer rings 
had zinc oxide contents of 2.2 percent, while the 
inner rings had zinc oxide contents of less than 0.3 
percent. As with der ^Edification, zinc oxide depo- 
sition occurs first on ttie outside edge of the outer 
pages and occurs last in the center of the center 
page. Books at the top of the 5,(X)0-book chamber 
had no zinc oxide. (See figure 11.) 

The changes made in the smaller scale NASA 
tests — i.e., the continuous feed of DEZ into the 
chamber at high rates to ensure good circulation — 
eliminated the zinc oxide ring>, in fact figures 12 
and 13 shows the uniformity that was achieved in 



Figim 11.-NASA^.O00 Book Taal, Zkic Oxkia (%) 
Raautta From Book Papera at DHfaranl 
Chambar Lpcatkma 



Comptoleiy 



deacidHSed 





Typical pige from a treated book from 1 

SOuncC: bbmy of CongiM 



» localions shown 



tion because DEZ appears to react rapidly and com- 
pletely with the acids it contacts. 

The complete and uniform deposition of 1 .5 per- 
cent zinc oxide has been more difficult to achieve 
in large-scale tests. The G.E. tests did not achieve 
the 1 .5 percent zinc oxide buffer with the amounts 
of DEZ and time provided. The 5,000-book NASA 
test achieved 2.2 percent zinc oxide in books lo- 
cated in the lower part of the chamber. But, simi- 
lar to deacidification, the poor circulation of the 
DEZ affected the amount of zinc oxide that got de- 
posited in books elsewhere in the chamber. Books 
in the middle of the chamber, which were effectively 
neutralized under the less than optimal treatment 
conditions had low and non-uniform deposition of 
zinc oxide. Furthermore, the pulsing of the DEZ 
into the chamber showed up as concentric rings of 




Bottofn of 




Typical book paper from a treated book located 
at mkldle or bottom of chamber 

SOUnCE: Ubrvy of CongrMt 
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ngmrm 12.— TItratod ANcallM RM«rv» of Pag« v. Pag« 
NumlMr for aSOB-Pags Book Trwtad in 
Exparlmantal Run SST #13 
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2.5 ^ 
2.0 - 
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05 - 
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J I L 



zinc oxide 
alkaline reserve 

J LJ L 



I 



0 50 100 150 200 250 300 350 400 450 500 
Page number 

SOURCE: Ubn/yolCongfM* 

one book in one of the final small-scale tests. These 
data 'vere derived from randomly selected pages 
from randomly selected books from the small-scale 
runs. When placed under an ultraviolet light, zinc 
oxide deposition on these pages appeared uniform 



throughout a given book and independent of book 
location in the chamber. 

The range in zinc oxide contents is the result of 
a number of factors. Not only does it depend on 
the amount of moisture left in the paper, but also 
on the amount of DEZ vapor av£ulable during treat- 
ment, time, and the type of paper being treated. 
Papers differ in the amount and type of cellulose 
that is used and the type of chemicals that have been 
added during, or remain after, manufacture. If any 
of these are acidic, additional DEZ will be needed 
for their neutralization. Characteristics of paper 
such as thickness, porosity, surface texture, etc. also 
affect the rate at which the DEZ can impregnate 
the paper. However, the data indicate that given 
enough DEZ and time, the desired zinc oxide buffer 
Can be fairly uniformly deposited. The DEZ proc- 
ess appears to have excellent ability to uniformly 
neutralize acids and deposit 1 .5 to 2.0 percent zinc 
oxide effectively. The variatior .n the amount of 
zinc oxide deposited in a variety of book papers 
treated in the same batch is being investigated at 
the pilot plant. 




to bottom 

SOURCE. UbrtryolCoogiMS 



Side to side 
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Life Extension 

The Library claims that DEZ treatment extends 
the hfe of books by three to five tmies. These claims 
are based on numerous fold endurance tests of 
treated and untreated paper. Tables 7 and 8 show 
the comparison for some of those papers treated for 
just 1 hour, and paper treated twice for 3 hours. 
These data indicate that the decline in fold endur- 
ance during aging appears to be slower in treated 
papers vs. untreated papers. Similar results from 
larger scale tests have been presented by the Li- 
brary (see figures 14, 15, and 16). 

How directly and accurately these fold endur* 
ance test results can be translated into a confident 
prediction of life extension for actual books treated 
is subject to debate. Tests on actual books many 
years after treatment may provide more confident 
predictions. 



Table 7.— Drop In Fold Endur'*nce 
Treated v. Untreated Paper 
(MIT tett-0.5 kg) 



Equivalent years of aging* 



Paper 


0 


67 


117 


Newsprint: 








Untreated 


... 118 


3.5 


0. 


Treated (1 hr.) 


135 


60 


36 


Mead bond: 








Untreated 


465 


92 


54 


Treated (1 hr.) 


... 476 


134 


122 


Offset GPO JCP-A60: 








Untreated 


... 604 


240 


145 


Treated (1 hr.) 


... 652 


441 


315 



■Ao«d at 90 at 50 perctnt relative humidity 
SOURCE. US Patent #4.051,276 



Table 8. Drop In Fold Endurance 
Treated v. Untreated Paper 
(MIT test-0.5 kg) 





Days of aging 


1 


Paper 


3 


6 


12 


Newsprint: 








Untreated 


54 


8 


0.9 


Treated (total 3 hrs.) 


65 


48 


41 


JCP-A60 offset: 










641 


391 


130 


Treated (total 3 hrs.) 


.. 701 


652 


337 



*AQ«d at 90 *C at 50 percent relative humidity. 
SOURCE. U.S Patent #4.051.276 



Figure 14.-MIT Folds (1/2 kg) v. Daye In Humid 
Oven for Foldur Kraft Paper Trer.ted In 
Experimental Run SST #6 
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0 20 40 60 80 100 120 140 160 180 200 
Days In humid oven 

Date pdntt are meant of 12 delemtlnatiora, 99% confkien(n limitt of m^ans shown 
SOURCE Ubrary of Congress 



Figure 15.-Mrr Folds (1/2 kg) v. Days In HumkI 
Oven for Allied Superk>r Paper Treated In 
Experimental Run SST #4 

10.000 f 




0 20 40 60 80 100 120 140 160 180 200 
Days In humid oven 

Data points are means of 12 determirvations, 99% confidence Itmits of means shown 
SOURCE Lorary of Congress 



Compatibility 

In most cases a paper's brightness does not ap- 
pear to be affected by the DEz. treatment. In lab 
tests, the biightress remained virtually unchanged 
immediately after treatment and after aging. 

Visual inspection of books treated in the larger 
scale tests showed no indication of incompatibility 
between the DEZ and other book materials. The 
Library also conducted two tests on 10 common 
book materials to determine whether DEZ reacted 
with these materials. First, a Fourier Transform 
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ngim 1S.-MIT Fbkto (1/2 kg) v. Days m Humid Oven 
for Ntwtprint P«p«r TrMrtad In ExparlrMntal 
RijnSST#8 




Days in hurnid oven 

OttB points 9'4 rnmn of 12 diti r mlnmoftw. W% oonMenc> limiti of mMns snOMm 
SOURCE' UbmiyofOongiMt. 

Trinsmission Infrared Spectrum from a . / ^le o<' 
cpxh material was first generated. The material was 
dien exposed to DEZ vapors, under process con- 
ditions, for 3 to 5 days. After exposure, a second 
infrared spectrum was taken. If any reaction be- 
tween 'he material and the DEZ had taken place, 
^he spectrum would have changed. Also, the ten - 
pc^.t^^re, pressure, and composition of the gas in- 
side ihe test chamber was monitored to detect any 



evidence of a reaction. The other test was an x-ray 
fluorescence study. All but one of the materials 
tested negative, i. - , no reaction with DEZ was de- 
tected (see table 9). Nitro-cellulose, a material used 
in cloth book covers, did show some indication of 
reaction, resulting in clouding of the clear tUm. 
Some res<;archers have been concerned that the 
breakdown of nitro-cellulose can cause furth'*- 
degradation but the Library believes this is no. a 
problem. 

Zinc oxide can promote the photodegxaclation of 
paper under certain conditions.' The Library ex- 
posed treated and untreated papers to radiation 
from a sunlamp placed 24 inches from the paper 
ui an oven at 60 ° C and 60 percent relative hu- 
midity. Specimens \/ere then tested for fold endur- 
ance. The treated papc^rs had much lower fold en- 
durances. The Library does not consider this to be 
a najo- jiroblem, however, since books are stored 
in iur;f i way to minimize their exposure to light 
itraviolet radiation. 



'George B Kelly and John C Williams, ''Inhibition of Light Sen- 
sitivity of Papers Treated With Diethylzinc,'* presented at the An- 
nual Mee' ng of the Amencan Chemical Society, Washington, DC, 
September 1979 



Table S^rtcaction of DEZ Vapor With Various Book Materials 



Observations 

Material FTI R Spectrum* XRF** Visual ~ 

Cellulose No rihange <0.5% Zn i\o change 

Lignin No cnange <0.5°' Zn No change 

Gelatin No change <0.5% Zn No change 

StPvn No change <0.6% Zn No change 

Polyvinylacetate No change <0.5% Zn No change 

Polyvinylalcohol No change <0.5% Zn No change 

Polyethylene No change <0.5% Zn No change 

Polypropylene No change <0.6% Zn No change 

Nitrocellulose Small decrease— No <0.5% Zn Slight opacity 

Fluorescent brighteners ~ Some decrease 

^our1«r transform Infrared 
^-ray fiuor*tc«nc« 

SOURCE' library of Congrtss 
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DISCUSSION 



The Library has developed a unique process that 
can uniformly neutralize the acids and deposit an 
alkaline reserve in books en masse. The process can 
deposit a uniform alkaline reserve independent of 
the variation i;i book acidity. Preliminary tests in- 
dicate that the process can also treat multiple 
formats. 

The process appears to be compatible with inks, 
colors, pigments, and most other book materials, 
reducing the need to screen books for treatment and 
maximizing the number of books that can be 
treated. Tliis conclusion is based on visual inspec^ 
thn, and includes two chemical tests that indicated 
DEZ does not react with 10 common book materi- 
als. The one exception is nitro-cellulose, a polymer 
material commonly used in book covers. The ob- 
served change is an increase in opacity in a clear 
film of the material. 

OTA notes, however, that there is a lack of dear, 
documented, scientific understanding about what 
effect deacidification has on paper chemistry be- 
yond the neutralization of acids and the deposition 
of alkaline buffers. 

The Library contends that, though there may be 
some reactions undetected in their studies, the ac- 
celerated aging data on alkaline treated papers 
shows that undetected rep'^tions do not appear to 
cause deterioi ation of the paper. 

Of particular interest to so.ne paper chemists is 
what effect the process has on the concentrations 
of cellulose functional groups that are capable of 
oxidizing and forming new acids. For example, it 
was hypothesized in the patent that DEZ may stabi- 
lize the cellulose's aldehyde groups. If this is so, 
an important source of new acid may be eliminated. 
More sensitive analysis may be able to determine 
whether this reaction actually occurs. The Library 
intends to conduct such studies in the future. 

The chemical effects associated with deacidifica- 
tion will probably affect other degradation mecha- 
nisms. Oxidation is known to be affected by pH. 
Photodegradation, poUution, and biological attack 
may also be affected. The Library ^nd others have 
raised the concern that zinc oxide increases the sen- 
sitivity of paper to photodegradation. Library tests 



to date have been inconclusive and a defmitive eval- 
uation of photodegradation is planned for during 
current pilot plant tests. However, since the Library 
collection is stored under very low ultraviolet light 
levels, they are less concerned about this problem 
than other libraries may be. 

It is not clear to what extert the process will ex- 
tend the life of the collecticii fhe Library data sug- 
gest that the DEZ process <an extend the life of a 
book by three to five times. The Library relies solely 
on fold endurance for demonstrating the improved 
life of treated paper. Although fold endurance is 
easy to determine and shows a measurable decline 
after accelerated aging, it is a very nonhomogene- 
ous property and will vary considerably from sam- 
ple to sample. Even averaging over a large num- 
ber of specimens results in a large degree of 
uncertainty due to inhomogeneities within the pa- 
per.^ This makes the significance of any data a crit- 
ical test. On the other hand, fold endurance can 
be very useful and may be the best indicator of pa- 
per permanence if the tests are conducted carefully. 
The Library vigorously supports their approach to 
testing and evaluation as the most comprehensive, 
accurs^te, and appropriate to their needs.* 

Some other scientists believe that a critical anal- 
ysis lacking in the Library's assessment is the de- 
gree of polymerization. This is a direct measure 
of the pnysical integrity of the cellulose chains. A 
low degree of polymerization signifies that the cel- 
lulose chains have broken into small brittle lengths. 
It has been suggested that besides relying solely on 
fold endurance, tensile strength and zero-span 
strength also can be used to assess mechanical prop- 
erties and that these could be combined with the 
degrr : of polymerization in an analysis of the proc- 
ep * effectiveness. 

Another criticism is c^bout the methods used by 
the Library in its accelerated aging experiments. 
The Library has been using a temperature of 90® C 
and both dry and humid conditions. Although the 



♦B.L. Browning, "The Application of Chemical and Physical Tcitt 
in Estimating the Potential Permanence of Paper anc^ Papermaking 
Materials," Prtservation of Paper and Textiles (Washington, DC: 
Amencan Chemical Society, 1981), pp. 275-285. 

'See app D for suggested tests by the National Bureau of Standaidi. 
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best tem{>erature at which to age is debatable, it 
is genersdly believed that the lower the tempera- 
ture, the better accelerated aging will simulate nat- 
ural aging. Some paper chemists age at 80 ^ C and 
only under humid conditions. 

The Library has not yet assessed the total im- 
pact the deacidification program will have on its 
collection, although this is also in their current 
plans. A variety of parameters affect the way papers 
rapond to deacidification. These include the type(s) 
of fibers present, the types of fillers and other ad- 
ditives present, and the age of the paper and the 
state of chemical degradation that has already 



occurred. It is important, therefore, that the vari- 
ous tests performed to assess the effectiveness of the 
process be done on papers thai are representative 
of the paper that will be treated. The Library has 
not sufficiently demonstrated that the fold endur- 
ance results are typical of those expected for their 
collection. Before the effectiveness of the deacidifi- 
cation program and the Library's current strategy 
can be fully assessed, some measurement of bene- 
fits must be made. This could be in terms of ex- 
pected total book life saved or some other appro- 
priate and measurable quantity. 



Chapter 4 
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Chapter 4 

Costs 



INTRODUCTION 



Since the Library of Congress' process for mass 
deacidification has been under development for the 
past 1 5 years, there have been a number of expend- 
itures that could be categorize^ as research, devel- 
opment, and testing. Figure 17 displays those past 
expenditures that can be directly related to the 
Library's mass deacidification program from 1973 
to 1988. It should be noted that certain of these ex- 
penditures have been for experiments whose pur- 
pose was a search for an optimum process and thus 
entailed comparison of various chemical treatments 
and resuhs. Other expenditures were for experi- 
ments with the DEZ process alone and were directed 
toward learning the proper techniques for most ef- 



fective results. The experimental phase can be con- 
sidered to have ended with the completion of the 
13 '^maK-scale tests with books at NASA Goddard 
in late 1984. The Library of Congress reports that 
expenditures from 1973 through the end of this 
phase were about $2.1 million. 

If another process were to be pursued for mass 
deacidification of the Library's collection some of 
the work already completed on the DEZ pnxress 
would need to be repeated; other work may need 
to be repeated depending on the status of develop- 
ment of another process. For example, none of the 
alternative processes have been subjected to criti- 



Fl^jni 17.-DEZ ProcMs DMloprnwit History 



First DEZ 
work in 
solution 




SOURCE: Ubrwy or CongrMt 
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cal independent evaluation of ti cated materials. The 
Library would most certainly need to compare ac- 
celerated aging tests (using standard papers), pH 
tests, alkalme bufTer tests effects on library materi- 
als and others, test procedures, and protocols. It 
may also be necessary to evaluate certain aspects 
of safety, health, and environmental effects of 
another process. Therefore, expenditures for ex- 
perimental work, while essentially completed for 
the D£Z process, would need to be increased if other 
chemicals, additional treatment, or new processes 
were to be considered. 

FoUowing the completion of the NASA small-scale 
tests, an expenditure of about $574,000 was devoted 
to the ill-fated first pilot plant. The Library of Con- 
gress considers that sum to' be basically a loss to 
the Library, however, engineering and safety les- 
sons were learned and have been applied to later 
work. 

Starting in 1987 the Library of Congress' expend- 
itures on the DEZ process caii be directly related 
to engineering development, construction, and 
operation of the mass deacidification facility. For 
the purposes of this OTA evaluation, these expend- 
itures can be put into three categories as follows: 

1 . Engineering Development Costs 

— Design and Construction of Pilot Plant 

(Texas Alkyls) 
— Hazard and Safety Review/Technology 

Management 
— Initial Health & Environmental Studies 
— Pilot Plant Test Program 

2. Capital Costs— Full-Scale Fa.Jiiv 
— Toxicological Risk Assessment 

— Environmental Impact Assessment 
— Plant Engineering and Architectural Design 
— Plant Construction Management and In- 
spection 

— Materials Handling — Engineering and 

Procurement 
— Construction of Plant 
— Commissioning and Startup Costs 
— Contingency Costs 

3. Facility Operating Costs 

— Personnel — Plant -^'perations 
—Personnel— Book Handling/Transportation 
—DEZ Usage 



— Utilities and Other Chemicals 

— Maintenance Materials and Spares 

— Operating Supplies 

— Laboratory, Quality Control Costs 

— Book Handling, Warehousing Expenses 

— Insurance, Taxes and Other Indirect Costs 

— Research Allowances and Contmgency 

— LOG Management Costs 

To evaluate the per-book deacidification cost, 
OTA considers the first two categories above as cap- 
ital costs and the third as annual operating costs. 
The total capital cost can be converted to an an- 
nual cost using an accepted rate of return over an 
assumed life of the project. For example, for a 10 
percent^ annual rate of return over a 20-year project 
life, a capital recovery factor^ is 1 1 .7 percent. There- 
fore, OTA chose to use a 12 percent capital recov- 
ery factor in arriving at a per book cost estimate. 

The per-book cost of the DEZ facility will also 
vary considerably depending on the actual capac- 
ity oi throughput finally realized when the plant 
is built. Since many costs (except for DEZ usage, 
certain labor, and supplies) will be fixed when the 
plant is operating, a large increase in capacity will 
result in a substantial decrease in per-book costs. 
Therefore, one of the goals of the pilot plant test 
program is to reduce the cycle time (and thus in- 
crease the plant capacity) to the most cost-effective 
level. The optimum cycle time will not be deter- 
mined until a series of tests are completed in mid- 
1988. This study therefore assumes a capacity of 
1 million books per year for the full-scale plant when 
estimating per-book costs. 

The actual construction costs for the full-scale 
plant are also subject to some uncertainty. Major 
decisions on plant configuration — such as the size 
and number of treatp.ent chambers — will not be 
made until some pilot plant tests are completed and 
a design study is done . Also the engineering design 
of the full-scale plant will not be started until mid- 
1988. Therefore, capital cost estimates must be con- 
sidered only preliminary numbers for budgetary 
purposes. P'ant operating cost estimates, however, 
may not be subject to as much variation only be- 

'Approxtmatdy the currrnt rate for long-term government bonds 
'An annual payment that will repay a loan in X years with com* 
pound interest on the unpaid balance 
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cause the major cost categories (laboi , DEZ usage, 
ovcriiead) will not change significantly even if plant 
design changes are made. However, over the 20- 
ycar life of the plant these costs will undoubtedly 
change depending on inflation, possible plant im- 
provements needed, and changes in chemical costs.' 

The following sections of this chapter present and 
discuss the cost estimates that have been prepared 
by the Library of Congress for design, development, 
construction, and operation of the DEZ mass de- 
acidification facility. Part II of this report presents 
available data for alternative processes. While it is 
difficult to make cost comparisons because very lit- 
tle of the data arc comparable in terms of accuracy 
and completeness, OTA has made some initial com- 
parative conunents. One basis of comparison is on 
the pilot plant level. It should be noted that the Li- 
brary of Congress' pilot plant at Texas Alkyls has 
a capacity of about 50 books per 8-hour shift using 
a 55-hour cycle time even though much of the ma- 
chinery is sized for a much larger capacity.* This 



HDTA has not invcitigated possible cost changes for DEZ but notes 
that only one supplier now produces the chemical and future prices 
will largely be determined by that supplier. One or two other sup- 
pliers could produce DEZ and have m the past, but the maricet is not 
now attractive for them. 

♦The DEZ pilot also has a number of purposes and its design was 
based on die need to conduct a %vide range of experiments as well as 
engineering tests. Comparisons with other plants, without such de- 
sign constraints, must therefore take this into account 
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DEZ pilot plant at Texas Alkyls 



could possibly be compared (with some caution) to 
the Canadian Library plant with a present capac- 
ity of 150 books per 8-hour shift; and with a pilot 
plant designed, but not built, by the Koppers Co, 
with a projected capacity of 100 books per 8-hour 
shift. Such a comparison is very rough at this time, 
but, when two or more pilot plants of roughly simi- 
lar capacity begin obtaining actual operating his- 
tory, more accurate cost comparisons could be 
made. 



COST ESTIMATES FOR THE DEZ FACILITY 

Engineering Development Tabl« 10.-LOC Engineering Development Cost 

rru . c Eetlmate for DEZ Mass Deacldlflcatlon Program 

1 he costs for engineenng development for the 

LOG deacidification facility have been assumed by P'*"^ design and construction $1.9 million 

OTA to include aU wu,k associated with design- S'""' S? '"ilir 

ing, constructing, and testing the second pUot plant Total . " l million 

at Texas Alkyls. As of this writing, most of those note t^w. com wtm'i'ncunmi'^ obiigm^i m" 1967 "«nd "iwe 

costs are quite firm but the number of tests (and source ubrwy of congrw. 
thus the costs of tests) may vary before they are com- 
pleted in mid-to-Iate 1988. fable 10 displays the acidification facUitv. That estimate is in appendix 
estimated costs of engineering development that C of this report, fable 1 1 summarizes the LOG 
were supplied by the Library to OTA. cost est; .late. Several categories are not included 
. in the LOG estimate . OTA believes the costs could 
Capital Costs— Full-Scale Facility vary considerably because of the number of un- 
A» rkT A ' L T L , ^ knowns about the facility at this time. OTA also 
At OTA s request the Library of Congress pre- believes the cost estimates are low; OTA advisors 
pared a capital cost estimate for the full-scale de- are concerned that the plant design assumptions are 
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11.— LOG Capitel Cm! Ettimato for 
1 Million Booksnroar Doaddlficatlon Facility 

item Cost ($ millions) 

Building cost 18 

Site \(0fk 0.3 

ClMinic^ process facHity 2.6 

Total LOC estimate 4.9 

NOTES: 1. Cotis btMd on amimpllon of two Mptrals ttnicturM— • Mppod 
buMNno mtd • chtmlcil trMtrntnt fadltty. 
2. Chwnteii pl«m oott to udMd on • hypottiMical chamber siza for 

aChamical ptont iMiiinM hwdwara simttor to pilot plint. 

4. Not hiduM m Mthnato an: utHHtoa, davalopmant, amarotncy 
ponwar, contlngancy. 

5. PlMrt tMumad to bo locM at Ft. Datrlck. MD 

SOURCE: Ubmry of Congiwa. 



too optimistic (e.g., a 36-hour cycle time and few 
backup systems); OTA is concerned because the 
full-scale chemical plant cost appears low if com- 
pared with budgetary scalc-up factors which are used 
as rou^ guidelines in the chemical industry. OTA 
has not, however, prepared an independent cost 
analysis and therefore its comments on costs must 
be considered only as cautionary. 

Facility OperMting Costs 

Table 1 2 is a summary of LOC estimates of annual 
operating costs foi the full-scale facility with an as- 
sumed capacity of 1 million books per year. (See 
app. B for the LOC estimates and assumptions.) 

OTA reviewed these costs and considers several 
of the categories to be too low. First, projected la- 



Tabla 12.— LOC Opc.-atlng Cost Estimate for 
1 Million Boolcs/Ysar Dsacidlfication Facility 

Annual operating cost 

Item ($ millions) 

Plant costs (chemicals/supplies/ 

utiltties) 1.0 

Operating labor 0.6 

Plant overhead 0.1 

Administrative costs 0.1 

Total LOC estimate 1^8 

NOTES: 1. Oparations wn 24 hourafday, 3S0 daya/yaar. 

Z Plvrt aaaunMd to ba localad at Ft Oalrlck, MD, and ttHia no coata 
ara IncHidad for taxaa, Inauranca, aafoty and ffra proiaction. ate. 

3. Contractor auparvtolon and oparaiion la aaaumad with faafor thia al 
15 parcant of labor coat. 

4. No coata ara IncHidad for book handHng and tranaportatlon to and 
from tita Library but tMa waa aatlmatad at S0.70 par book 

SOURCE: Ubrary of Congraaa 



bor costs arc considered low because they do not 
make enough allowances for overtime, mainte- 
nance, training, turnover, and contingency. Sec- 
ond, the contractOi 's fee is considered low becau^ 
of the special requirements for experience and com- 
petence. Tbiixl, costs for Fort Detrick services (e.g. , 
security, grounds maintenance, safety, and fi*^ pro- 
tection) are not included; nor arc costs for staff train- 
ing, drills, and skills upgrading. FinaUy, book han- 
dling and transportation costs are not included 
although previous estimates of these costs are noted. 
OTA advisors also were concerned that insurance 
against an accident did not show up as a cost or 
a contingency; and thp.c no allowance was made for 
possible increase^ in the cost of DEZ. 



DISCUSSION 



There are several difficulties with analyzing the 
available cost estimates for the DEZ mass deacidifi- 
cation process. First, a number of design and pro- 
gram management decisions are yet to be made and 
these could affect costs substantiaUy. Second, the 
cost data presented by LOC does not include some 
possible major costs such as book transportation and 
handling, plant - ommissioning, and contingencies. 
Third, the LOC estimates appeared to be on the 
low side when reviewed by OTA's advisors. Finally, 
a consistent method for projecting total costs and 
per-book costs has not been determined. 

OTA believes it is important to develop a con- 
sistent method and accurate cost projections with 



contingencies as soon as possible. Such projections 
are important to decisions (yet to be made) about 
size or capacity of the f-iU-scale plant. They are also 
important if any of the possible alternative proc- 
esses are to be evaluated. At present it appears that 
at least two alternative processes would have much 
lower costs than the DEZ process but this conclu- 
sion is based on incomplete cost data anu no con- 
sistent method for compariso.i. 

Even thoug'i it may not be accurate, OTA pre- 
pared its own very rough estimate of the DEZ pro- 
gram total costs to determine a possible range of 
per book treatment cost that may be applied if all 
elements arc included. This estmiate was made only 
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for the purpose of this report. New data could change 
it. Final per-book costs are presented as a ± 20 
percent range because of the uncertainties involved. 

Table 13 displays the OTA estimate of capital 
costs, operating costs, and per-book costs. 

To derive a total capital cost estimate OTA in- 
cluded the engineering development costs and the 
toxicological risk assessment costs. OTA then made 
rough estimates of materials handling facilities, and 
commissioning costs. OTA also added about a 6 
percent contingency. 

To derive a total operating cost estimate, OTA 
added about 10 percent more labor costs, a higher 
contracting fee, and a fee Tor Ft. Detrick services 
to the LOG estimate. OTA then added a book han- 
dling and transport cost based on an earlier LOG 
estimate. 

For a very rough estimate of per-book costs of 
deacidification at the LOG facility, OTA has in- 
cluded engineering development and plant construc- 
tion in one total capital cost estimate. We then as- 
sumed a 1 2 percent per year capital recovery factor 
for this total and added the annual facility operat- 
ing cost to that. The total per book treatment costs 
thus determined are from $3.50 to $5.00 per vol- 



Table 13.— OTA Capital and Oparating Cost 
Estimatas for 1 Million Books Par Yaar 
Daacidification Facility 



C^tMi eo9t: 

LOC estimate $4.9 million 

OTA additions: 

Toxicological risk assessment 1.5 

Transport and materials handling 0.5 

P-month commissioning 0.9 

Contingency o.5 

engineering development 2.8 

Total capital cost sTTT million 

Annuat opmwUng co9t$: 

LOC estimate $ 1.8 million 

OTA additions: 

Added labor 0.I 

Added contractor fee 0.I 

Ft. Detrick services 0.1 

Book handling and transportation 0.7 

Total operating costs $ 2.8 million 

P^r-book co$iK 

Total capital $11.1 million 

Annual capital recovery @ 12 percent 1.3 million 

Annual operating costs 2.8 million 

Per-book cost ® 1 million books/year - $4.1 

±20-percent range of per-book cost » $3.SO-$5.00 

SOURCE: Offlc* of T«ctinok>gy AsMMffMnt, 1968 



ume. A number of OTA advisors believe that the 
higher ($5.00) per-book cost is the most realistic 
but without a more systematic and detailed esti- 
mate this cannot be confirmed. 
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Chapter 5 

Safety 



INTRODUCTION 



One of the most serious concerns with the Li- 
brary of Congress' program and the DEZ process 
has been safety. Because of the attention given to 
the accident during tests at NASA Goddard in 
1986, many critics focused on the question of 



whether DEIZ could be handled safely in the future. 
This chapter discusses the hazards that are present 
and the effort the Library has made and must con- 
tinue to make to manage those hazards to ensure 
the safe operation of a full-scale plant. 



HAZARDS 



DEZ is considered a hazardous material. It is 
very reactive with certain compounds and is capa- 
ble of releasing large amounts of energy. Fire is the 
principal hazard and, under certain specific con- 
ditions, explosions could occur. 

DEZ is pyiophoric, meaning it will spontane- 
ously ignite if it comes in contact with air (or, more 
specifically, the oxygen in air). The reaction is very 
fast, and releases a great amount of heat. The in- 
tensity of the heat is itself a hazard. It could ignite 
flammable materials nearby, cause damage to near- 
by structures or property, or cause injury directly. 
The byproducts of the reaction, carbon dioxide, 
water, and zinc oxide, are stable. Large ] aks or 
spills of DEZ could pose a significant fire hazard. 
The product of DEZ reactions (ethane gas) can 
reach an explosive mixture with air. Under certain 
conditions, in unvented containers, DEZ reactions 
can also cause a pressure buildup which could cause 
an explosive rupture of the container. 

DEZ is also very reactive with water. The by- 
products are ethane gas and zinc oxide. If liquid 
DEZ and liquid water come into contact, the re- 
action that takes place can be very vigorous, re- 
leasing large amounts of ethane gas very quickly. 
The reaction between DEZ vapors and water va- 
por is not as vigorous, especially the reaction be- 
tween DEZ vapor and absorbed water that takes 
place within books during deacidification. 

The reaction between DEZ and water also re- 
leases heat. Although the amount of heat that is 
released is about 10 times less than the amount re- 
leased during a reaction between DEZ and air, it 



is enough to require careful monitoring during de- 
acidification. During normal book treatment con- 
ditions, within a processing chamber, the DEZ va- 
por is cii'culated at very low pressures and any 
reactions with air has been shown to result in only 
small temperature increases and no flames or pres- 
sure increases. Tests to confirm this have been done 
by the Library. 

DEZ will begin to decompose at 120^ C, into 
hydrogen, ethane or other hydrocarbons, and zinc. 
Heat is again released. At 150° C, decomposition 
becomes autocatalytic. This means that the heat re- 
leased will cause decomposition to proceed on its 
own and prevent it from being stopped. Autocata- 
lytic decomposition of liquid DEZ would result in 
a very rapid and uncontrollable release of gases. 
Monitoring and controlling DEZ gas temperature 
in the process becomes critical to prevent the 
decomposition of DEZ. Early tests with the Hous- 
ton pilot plant show adequate DEZ temperature 
control is possible within safe ranges to prevent au- 
tocatalytic decomposition. 

The rapid release of gases associated with the 
decomposition of DEZ and with reactions between 
DEZ and water pose a significant hazard. If they 
occur in a contained environment, the resulting 
overpressure situation could cause rupture and sub- 
sequent fire. Storage vessels in a processing plant 
must therefore be designed with pressure relief sys- 
tems. Explosion is a potential hazard because un- 
der certain conditions both ethane and hydrogen 
Ijas mixtures with air are explosive. 
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The amount of DEZ that will be used at the dea- 
cidification plant (up to 3,900 pounds in storage, 
and approximately 50 pounds per treatment) limits 
the scope of these hazards. Large numbers of peo- 
ple will not be at risk. However, they do pose sig- 
nificant risks for plant operators, safety personnel, 
and the immediate surrounding property. Such 
risks can be managed with proper attention to de- 
sign and safe operating P'^uctices. As an example, 
the Library intends to locate DEZ storage con- 
tainers at a distance away from the chemical plant 
and provide barriers to contain a potential fire. 



Photc ermtlt Ubmy of Congnas 
Hooking up DEZ for NASA 5,000-book test 



SAFETY— A CRITICAL ISSUE 



The potential for fire and explosion associated 
with the use of DEZ makes safety a critical issue 
for the DEZ process. The basic goal of safety man- 
agement is to eliminate or reduce to an acceptable 
level the risk of injury or damage to personnel, ma- 
terial, or property associated with a given hazard. 

There is a generally accepted priority to re iuc- 
ing the risk to personnel J ^^'-orierty: 

1. eliminate or reducr .I rou^b de- 
sign and operations. 

2. isolate the hazard, 

3. train personnel to operate around aie hazard, 
and 

4. provide proicctive and emergency systems and 
procedures. 

The use of DEZ preclude? eliminating the haz- 
ards associated with it. However, the relatively safe 
manufacture of DEZ by Texas Alkyls, Inc., and 
its use in a number of applications over the last 20 
years suggests that the risks can be kept at accept- 
able levels. This requires a good understanding of 
the chemical and physical properties of the mate- 
rials and processes involved, good design, detailed 
and safe operating procedures (including inspec- 
tion and maintenance procedures), experienced 
operators who receive continuous training in oper- 
ational and emergency procedures, and a good 
safety review program. 

O 
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The impx)rtance of these issues as they relate to 
the DEZ process can be seen by reviewing the 
events leading to the failure of the first pilot plant. 
The following discussion is based on the NASA Ac- 
cident Investigation Board's Report and di^v^ussion 
with NASA and Northrup personnel. 

Importance of Safety — The Goddard 
Accidents 

Construction of the first DEZ pilot plant at 
NASA's Gk)daard Space F«ight Center was com- 
pleted in October of 1985. System checks were ini- 
tiated in October. The first full-scale test, a com- 
plete cycle but without the books, was initiated on 
December 5. Immediately upon initiating the re- 
hydration phase of that operation, by introducing 
liquid water into the chamber, the pressure rose 
forcing the door open and a fire broke out in the 
chamber. There were two people in the process- 
ing area at the time, but there were no injuries. 
The fire burned itself out quickly, but not before 
causing extensive damage to the chamber and sur- 
rounding instrumentation and hardware. 

The system was secured and the power turned 
off. Cleanup and repair proceeded through Jan- 
uary. In February, procedures were drafted for 
deactivating the system and to resume testing. 
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When the system was turned on, a prescure build- 
up in the line between a condenser and the brine 
seal tank was detected (see figure 18), \ . e pres- 
sure buildup exceeded the range of the pressure 
gauge for that line. The deactivation procedures 
were then revised to include relieving the pressure 
in the line by first testing the valves for c ^erabil- 
ity, and then to progressively pump the system to 
vacuum. 

Valves were tested, beginning at the vacuum 
pump, and leading back toward the condenser. 
V hen the valve between the condenser and the 
brine seal tank was cycled, contents from the brine 
seal tank squirted out from a defective seal in the 
tank figure 19). The seal tank was replaced, 
and the valve tests completed. The system was then 
progressively pumped to vacuum. When a valve 
in a section of line upstream from the cordenser 
was opened, an explosion occurred in the line be- 
tween the condenser and the brine seal tank, and 
a second fire broke out (see figure 20). The explo- 



sion was of sufficient force to blow out two doors 
in the processing area. The subsequent fire burned 
out quickly, but caused substantial damage to the 
plant and surrounding area. There was one per- 
son in the processing area at the time of the acci- 
dent, but there were no injuries. 

The system remained in an unstable condition. 
After careful consideration of how to proceed, an 
army demolition term was called in to dismantle 
the plant. 

The apparent cause of the ^irst fire was the pres- 
ence of liquid DEZ in the ch .nber. When water 
was introduced, the reaction with the DEZ rapidly 
evolved ethane gas which blew the cha^nber door 
open. With the door open, air came into contact 
with the DEZ and the fire started. 

It is not known for certain how liquid DEZ came 
to be in the chamber. The apparent cause was ^.on- 
densation ?f DEZ in the vapor line leading into the 
chamber. The line heater for that section of the line 



Figuro 18.-Chronology of Second Goddard Incident 

When system power is turned on, 
pressure gauges read an overpressure 
condition between rondensers and 




Bnne v — J 
seal Oil/oleic 
tank seal tank 



SOURCE- OfBc«ofT«chf>otogyA»s6MmanM988 
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Flgura 19. -Chronology of Second Goddard Incident (eontlniiad) 




SOURCE: Office of Technology Assassnwnt, 1968 



was working intermittenlly, and some of the insu- 
lation a^^ound the line was missing. Due to the con- 
figuration of the line as built, liquid DEZ ran into 
the chamber instead of away from the chamber. 

The -xplosion and second fire were apparently 
caused by brine and liquid DEZ reacting in the con- 
denser. Exidence of brine was found in the con- 
denser, an.' probably backstreamed into tfie con- 
denser v\ hen the defective brine seal was replaced. 
Liquid DLZ must have been present upstream from 
the condenser. When the upstream valve v/as 
opened, the liquid DEZ traveled down the line and 
into the condenser, and reacted with the brine. The 
reaction rapidly produced a large amount of eth~ 
ane which ruptured the line and caused the fire. 

The presence of liquid DEZ in the line was sup- 
ported by the fact that over 700 pounds of DEZ 
was puF led into the system, instead of the 30 
pounds caJled for in the test. This was not imme- 



diately known, however, because the DEZ tanks 
were not on load cells as called for in the design. 
It wasn't until after the first accident that the tanks 
>vtre weighed and the discovery was made. The 
presence of excess liquid DEZ in the system explains 
the pressure buildup that occurred while the sys- 
tem was being repaired. 

The general conclusion of the NASA Accident 
Investigation Boaid^ was that no one involved 
"fully appreciated the f igineering challenges" 
associated with scaling up the continuous DEZ feed 
and recycling system. The rare and diligence that 
went into the design and operation of the 5,000- 
book test was not carried forward to the N/VS A pi- 
lot plant developTient. 



'Accident Invcftigation Bo?fd K.-port on the Mishaps at the Dca- 
cidification Pilot 1 lant, B'"l''ing 306, on Dec 5, 1985 and Feb 14, 
1986. Sept 4, 1986 
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Figure 20. -Chronology of Second Qoddard Incident (coniiniMd) 




Permeation 
vacuum 
pump 



Oil/oteic 
seal tank 



SOURCE Office of Technology AssMSfnenM 968 



More specifically, the board came to the follow- 
ing conclusions: 

(Excerpt from tlie NASA accident report) 
There was a lack of appropriate instrumenta- 
tion. In general, the system was under in- 
strumented. Pressure gauges did not have a Iiigh 
enough rangt to monitor overpressure situations. 
There were no pressure relief valves in the lines, 
and most notably none in the chamber. Ventmg 
of the chamber was through the door. The use of 
semi-automatic valves required that personnel be 
present in the processing area during an opera- 
tion. Also, real time monitoring of the system 
would be more appropriate. The presence of liq- 
uid DEZ in the chamber was actually picked up 
by a thermocouple reading at the bottom of the 
chamber. It was recorded on a strip chart but no? 
monitored by the controller. 

There was a failure to install the instrumenta- 
tion called for by the plant design. The failure to 
place the DEZ *anks on load cells was ^ serious 



oversight. With a substance as hazardous as DEZ, 
an accurate inventory must be kept. 

There was a failure to develop and follow pro- 
cedures. The contract between Northrup and 
NASA requires the development of at least five 
procedure!; a facility operating procedure that 
gives detailed operating instructions for both nor- 
mal and emergency situations, an operations test 
procedure that gives special i.iscructions pektinent 
to the tesi at hann, a pre-start check list, an oper- 
ations log whi'-h records all significant events dur- 
ing operation, and an engineering log that also 
records all ^"'^ificant events and all activities i 
calculations pertaining to the test. The systems 
tests begun in October and the full- scale test in 
December were run without test procedures. No 
operations or engineering logs were kept. Further- 
more, deactivating of the system began before the • 
clean-UD procedures were approved, and they 
were res ':ed without review. Also, the poor con- 
dition of the insulation on the vapor line leading 
into the chamber indicated that there was inade- 
quate routine inspection of the system. 
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There was one significant design deficiency, the 
piping configuration allowed liquid DEZ to flow 
into the chamber rather than away from the cham- 
ber. The use of a brine seal tank is questionable. 

In the 5000 book test, brine seal tanks were ad- 
vised against, because of the violent reaction that 
occurs between DEZ and brine. Finally, normal 
safety procedures were compromised. A Failure 
Mode and Effects Analysis was carried out and 
presented to a NASA review board. TTie analysis 
was accepted and operation aj^roved. However, 
there was no documentation of who received and 
approved the report. 

Only the results of the analysis were presented 
to the board with little or no documentation or 
explanation. Approval was granted although nec- 
essary procedures were not available. The analy- 
sis was not submitted for outside review. And 
there was no verification or inspection of the final 
contruction and installation. 

The accident investigation board made t^e fol- 
lowing recommendations: 

• The plant should be more fully instrumented, 
especiaUy in regaiXls to monitoring the inven- 
tory of DEZ. It sliould also allow remote 
operation of the -ystem. 



• The process should be controlled by an auto- 
mated process controller to provide real time 
monitoring and dis{4ay and to operate safety 
interlocks. 

• The design, construaion, and operations of 
the plant should be subjected to a third party 
review. 

Importance of Safety — Accident 
at Ethyl Corp. 

Another example of the potential hazards asso- 
ciated with metal alkyls is an accident that occurred 
at an Ethyl Corp. facility in 1986. Ethyl is also a 
major producer of metal alkyls and the only other 
domestic supplier of DEZ (although they have not 
produced DEZ in recent years). During the man- 
ufacture of a metal alkyl product, a large explosion 
occurred. Although details of the accident are not 
publicly available, there were some injuries, the 
damage was extensive, and the plant had to be 
rebuilt. 



SAFETY AT THE TEXAS ALKYLS PILOT PLANT 



This section discusses the safety of the Texas 
Alkyls pilot plant by examining the actions taken 
by the Library and its contractors in the following 
areas: understanding of the physicid anc chemical 
properties of all reactants and products; design-for- 
safety; operational safety; safety management and 
review. The deficiencies noted in the first pilot plant 
efTort have been addressed and the margin of safety 
improved. However, whether the actions have been 
sufficient can only be demonstrated by repeated 
testing of the system. 

Understanding the Physical and 
Chemical Properties of Products and 
Reactants 

It is important to know as much as possible about 
the physical and chemical properties of all the ma- 
tenals involved in a process and to understand the 
thermodynamic and thermochernical properties of 
all possible reactions. Of particular importance is 



the amount of energy released during various re- 
actions and the stability of the reactants and prod- 
ucts in the presence of that energy. The physical 
and chemical properties of DEZ, and its reactions 
with other compounds have been studied for many 
years. Texas Alkyls' sales brochure for DEZ lists 
some of these properties and reactions. Critical 
safety information is available in the Product Safety 
Information Data Sheet (see figure 21). 

As mentioned DEZ is pyrophoric. The heat of 
combustion is high. DEZ is also very reactive with 
free hydrogen ions, hence its reactivity with acids 
and water. These reactions are fairly well-under- 
stood. Stauffers (one of Texas Alkyls' parent com- 
i^anies) has done some additional experiments with 
liquid DEZ and liquid water reactions, measuring 
the amount of ethane that is evolved. 

According to tests performed by the Library, 
DEZ does not react with most book materials. In 
particular, the Library has concluded thai DEZ 
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Figure 21.— Product Safety information Sheet for Diethyizinc 

DIETHYLZINC (DEZ) 
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does not significantiy react with cellulose under 
process conditions. Although cellulose has com- 
pounds with loosely held hydrogen ions attached 
to it, some have hypothesized that the oxidation 
of these compounds m air binds the hydrogen ions. 
If there is any reaction with the DEZ, however, it 
is very slow. 

Most common metals used in equipment and 
construction do not react with DEZ. In general, 
metal alkyls are not corrosive and the original plants 
at Texas Alkyls are still in operation. DEZ does, 
however, degrade many elastomers used in gaskets 
and seals. Texas Alkyls has developed over the years 
numerous specifications for gaskets, seals, piping, 
valves, etc. Other materials being used in the plant 
that have not been specifed by Texas Alkyls have 
been tested for compatibility by soaking samples 
in DEZ at ambient conditions. 

There are two critical physical properties of DEZ 
which are not known that impact the design of the 
hardware. One of the^e is the specific heat of DEZ. 
The specific heat of a material determines the tem- 
perature changes that occur when the material is 
expanded or compressed. DEZ vapor is expanded 
and compressed a number of times durii ^ perme- 
ation. To ensure that DEZ does not get too hot dur- 
ing compression, pumping rates and pipe sizes must 
be specified according to the spe ific heat of the ma- 
terial. Since this has not yet been determined, the 
most conservative values, those for nitrogen gas, 
have been used for design purposes. Early pilot 
plant tests indicate that DEZ vapor temperatures 
can be satisfactorily controlled. 

Heat transfer properties of DEZ are also not 
known. These prq>erties are needed for designing 
the condensers and vaporizer. Heat transfer values 
for a typical hydrocarbon believed to behave simi- 
larly to DEZ were used for design The actual 
values for both heat transfer and for specific heat 
will be determined during testing and incorporated 
in the full-scale design. 

Althou^ the exothermic reactions are weli-es- 
tablished, it is difficult to predict what changes in 
temperature will occur in the books and the cham- 
ber during permeation. Heat will be generated in 
the books from the reactions taking place, and other 



possible causes. Atv?n .^ts have been made to model 
the amount of heat retained by the books, the 
amount exchanged with the gases, and the amount 
dissipated by the chamber, however, the results 
have not agreed with ihe experimental data from 
thp previous NASA tests. 

Design and operating conditions have been de- 
veloped based on the maximum temperature in- 
crease observed in previous tests. Extensive in- 
strumentation, a conservative temperature limit for 
the system, and the ability to quickly introduce cool 
nitrogen gas into the chamber should allow an 
acceptable level of control of temperatures. 

Also important is an understanding of the com- 
patibility of various fire-fighting agents and tech- 
niques. Obviously, water as an .extinguishing agent 
would not be appropriate for fighting a DEZ fire. 
DEZ fires are difficult to extinguish, however, rea- 
sonably effective techniques for controlling a DEZ 
fire have been established. Fire associated with 
small spills can be controlled by spreading dry 
chemicals, sand, or vermiculite over the spill. This 
prevents DEZ vapors from coming into contact with 
the air. However, if the spill is disturbed, the 
trapped vapors could escape and reignite. If the spill 
is large, the fire is normally allowed to bum itself 
out. If a large fire is in an area that threatens other 
equipment, a fine water mist can be used to dissi- 
pate the heat of the fire, thus protecting nearby 
equipment, storage tanks, etc. 

Design for Safety 

The Library has put together a competent de- 
sign team for the second pilot plant. They !,r.ve re- 
tained ^he full-time service of a chemical engineer 
(consultant) who is responsible for overseeing the 
design, construction, and operation of the plant on 
a day-to-day basis. 

The Library has contracted with Texas Alkyls 
to design, construct, and operate the plant. Texas 
Alkyls has be manufacturing metal alkyls since 
1959, and DEZ for nearly as long. They have de- 
veloped well-established specifications for materi- 
als for construction, hardware, etc. 

The actual design and construction of the plant 
has been subcontracted to S&B Engineering, S&B 
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This double-block valve at Texas Alkyls pilot plant is 
a key element in the safety system. It is controlled by 
the computerized distributive control system (DCS). 

has designed and contructed two ether metal alkyl 
plants for Texas Alkyls. 

The principal safety-related design criteria for 
the second pilot pJant, and those which will prob- 
ably be used for the full-scale plant as well, are: 

• use a minimum amount of DEZ, and keep a 
strict inventory; 

• keep DEZ in the system and air out of the 
system; 

• prohibit liquid DEZ or liquid water from get- 
ting into the chamber, or from coming into 
contact with each other anywhere else in the 
system; 

• keep the temperature throughout the system 
below 80 C; 

• use a computerized distributive control system 
(DCS) to operate a series of safety interlocks; 
and 

• design all lines and containment vessels for 
both high and low pressure and provide proper 
pressure relief mechanisms. 

A minimum amount of DEZ will be in the sys- 
tem at any one time. Only the amount needed to 
complete one batch treatment plus some reserve to 
allow for variations in DEZ requirements will be 
transferred from the liquid DEZ storage tank, lo- 
cated 15 feet from the plant, to a DEZ holding tank 
inride the plant. The holding tank is separated from 
all other plant systems by a fire wall. The DEZ is 
vaporized and recycled continuously during 
permeation. 



To reduce the risk of component or line failures 
and the subsequent release of DEZ to the atmos- 
phere, well-established specifications developed over 
the years by Texas Alkyls are used for materials 
and construction. Wherever possible, reliable (and 
tested) off-the-shelf pumps, valves, heat exchangers, 
etc. are used. In cases where hardware may use ma- 
terials not specified by Texas Alkyls, materials com- 
patibility tests have been run, by exposing the ma- 
terials to liquid DEZ for a few days and analyzing 
for deleterious reactions. 

The design deficiencies cited in the first pilot 
plant accident report have been eliminated. Redun- 
dancies have been designed into the system to pre- 
vent either liquid DEZ or liquid water from get- 
ting into the chamber and to prevent water and 
liquid DEZ from coming into contact with each 
other anywhere in the system. The design of the 
chamber was evaluated against a worst case sce- 
nario where liquid DEZ comes in contact with liq- 
uid water in the chamber. The design was reviewed 
by two independent consultants to ensure that the 
chamber could contain the resulting overpressure 
and safely vent it to the atmosphere. 

To ensure temperatures stay below 80 " 0, more 
instrumentation has been added to monitor tem- 
peratures and pressures. The capability to circu- 
late heated or cuoled nitrcjjen gas through the 
chamber has been add'^d to better regulate book 
temperatures during processing. 

Operation of the pilot plant will be aided by a 
computerized distributive control system (HCS). 
The DCS will continuously monitor the entire sys- 
tem and manage a series of interlocks to ensure that 
all operations are performed in the proper sequence 
and under accepted conditions. If operations have 
been performed out of sequence or if conditions in 
the system are not acceptable, the DCS wiP not al- 
low ihe process to proceed. The operator cannot 
override the DCS without action from the shift su- 
per\ isor. In an emergency situation, the DCS will 
safely shut the system down. A backup electrical 
supply will allow the DCS to safely shut the sys- 
tem down in the event of a power failure. Texas 
Alkyls has gone as far as requiring a check for thun- 
derstorms which may affect power supplies before 
initiating the permeation stage of the process. 
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Should a spill, leak, or over pressure situation 
arise, measures have been taken to isolate the haz- 
ard from personnel and from as much of the plant 
as possible. Liquid DEZ is kept in one corner of 
the processing area, behind a fire wall. The floor 
is sloped to route any spills and fire away from the 
processing area and other liquid DEZ vessels. Re- 
mote handling of the system will keep the opera- 
tor isolated in a control room behind a fire wall and 
away from any flares due to DEZ leaks. All lines 
and containment vessels are equipped with pres- 
sure relief valves that will safely vent gases to the 
outside environment. All pressure relief systems are 
designed to National Fire Protection Association 
codes. 

Hazard alarms have been placed around the 
plant to alert the operator to heat, fire, or explo- 
sion. Hand-held extinguishers are placed around 
the plant for both electrical fires and DEZ-related 
fires. Manually initiated spiinkler systems capable 
of applving a fine mist of water have been installed 
throughout che plant to help dissipate the heat from 
any fire and protect personnel and surrounding 
equipment. The sprinkler system is not activated 
automatically, since it may not be the appropriate 
response. The appropriate fire control action is left 
to the judgment of the operator. The alarm sys 
terns, sprinkler system, and hand-held fire extin- 
guishers have been designed in accordance with ac- 
cepted National Fire Protection Association codes. 

It has also been suggested by the Library's out- 
side safety specialists that (for the full-scale plant) 
the building and the fire wall separating the cham- 
ber loom from the control room be designed to 
withstand an overpressure of 80 to 100 pounds per 
square foot, in case of explosion. 

Operational Safety 

The safe operation of the system demands skilled 
and experienced operators. These operators must 
be thorovig^y trained not only in the operation and 
logic of the entire system, but also trained in the 
hazards of DEZ, in general, safety and emergency 
operations (including fire fighting and first aid), 
housekeeping, and maintenance. The consequences 
of a breakdown in operational safety are evident 
in the first lot plant accident. 




The use of a computerized distributive control 
system demands that the interaction between man 
and computer is firmly established. This requires 
a detailed operating manual that clearly spells out 
the respective responsibilities of the operator and 
the computer and extensive hands-on ♦-aining. 

Texas Alkyls brings over 20 years of expertise 
to the operation of the pilot plant. Texas Alkyls has 
developed safe and effective operating, inspection, 
maintenance, housekeeping, and emergency pro- 
cedures. They have reported only five loss time ac- 
cidents since 1959. Furthermore, they have reas- 
signed eight of their top operators to work on the 
deacidification program. These o])erators have re- 
ceived 12 houri of training on the distributive con- 
trol system as well as 1 J4 months of training on 
the total system during the conmiissioning of the 
plant. 

Safe operation of the DEZ system also requires 
detailed operating procedures. The pilot plant oper- 
ating manual was reviewed by OTA, as well as the 
Library's outside consultants. In general, the de- 
gree of detail was judged to be satisfactory, although 
it was not yet complete at the time of the review. 
The manual divides the 3 major steps of the proc- 
ess into 17 smaller, more detailed steps. Each step 
contained a general description, a detailed set of 
oeprations, which included the reason for each oper- 
ation and ^propriate precautions, a list of the per- 
missives that must be met before initiating the step, 
and a list of the various interiocking conditions 
governing the step. The manual also contained the 
startup and shutdown procedures and a general 
description of emergency procedures. There was 
some concern that the manual may be v^;ue in cer- 
tain areas^ relying too much on the expertise al- 
ready existing with the Texas Alkyls operators. If 
this manual serves as the basis for the manual used 
at the full-scale facility, it must be modified to ap- 
ply to operation by personnel with less plant ex- 
I>erience. 

Safety Management and Eeview 

Safety management and review is so important 
that it must be considered at every stage of process 
development — design, construction, and operation. 
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It b advisable, at the beginning of a development 
program, to setup a distinct safety function within 
the management of the program. This management 
would be responsible and accountable for design- 
ing and implementing a safety plan. The plan 
should establish what kind of safety analyses and 
outside reviews arc appropriate; schedule and con- 
duct these anaylses at the appropriate times; doc- 
ument the safety needs and requirements that come 
out of the analyses; ensure that these needs and re- 
quirements are included in the design and speci- 
fications of the plant, hardware, and operation 
manuals; and document the implementation of 
these needs and requirements in the flnal construc- 
tion and installation of equipment. 

Analysis is a key element to a successful safety 
program. There are a variety of safety analyses that 
have been developed. They all incorporate the same 
basic principles — identify the hazards associated 
with the process or ]dant; determine the various 
ways these hazards may come about and the con- 
sequences of them occuring, ai^d determine the best 
way to eliminate or reduce the chance or the con- 
sequences of them occurring. 

The analyses, however, are of no practical use 
if the results are not carried out. Documentation 
and verification are critical. 

The Library has made safety distinct function 
within the management of their ^ ogram. The con- 
sulting project engineer has coordinated both in- 
house and outside reviews, and has received reports 
on the results. 

The Library, Texas Alkyls, and S^B Engineer- 
ing conducted an in-house ''HAZOP" review. 
**HAZOP'* was developed by DuPont Manage- 
ment Consulting Services to assist in identifying 
and eliminating or minimizing the risks associated 
with chemical processes. The review used piping 
and instrumentation diagrams and examined them 
line by line. For each line the following questions 
were asked: 

• What happens to the process as a whole if the 
following deviations occur in this line? 
— Flow — too high, too low, reversed? 
— Pressure — too high, too low? 
— Temperature — too high, too low? 



— Concentration — too high, too low, con- 
taminant? 

— Batch timing — too soon, too late, too short, 

too long? 
—Utilities— failure? 

— Others — commissioning, maintenance? 

Besides examining each line each major piece of 
hardware is also reviewed. 

Il any credible consequences were identified, the 
pre cesd was examined for possible causes (includ- 
ing multiple failures), in the absence of protection. 
If possible causes were identified, then the effec- 
tiveness of the existing protections were reviewed. 
If the existing protections were considered inade- 
quate, assignments were made to study the prob- 
lem further and take appropriate action. This was 
done before specifications; layouts, and procedures 
are fuialized to allow flexibility in solving problems. 

The results of this review have been tabulated, 
but the documentation could be improved. A num- 
ber of possible events (or causes) are identified. 
Associated with each event is a general description 
of the existing protection, the necessary actions to 
be taken and those responsible for taking the ac- 
tion. The actions to be taken were written in very 
general terms, for example: 

• action — DC logic (the distributive control sys- 
tem), or 

• action — define operating procedures. 

Before testing began, some of those who partici- 
pated in the HAZOP exercise reviewed the vari- 
ous action items to ensure they were accomplished 
satisfactorily. 

Outside Reviews 

The Library has hired six outside consultants to 
perform independent reviews in the following areas: 
plant operability, pressure vessel design; vacuum 
design; fire safety; and a worst case scenario. The 
consultants reviewed the designs for the pilot plant 
and those that exist for the commercial plant, be- 
fore any hardware orders were placed. Written 
reports were presented to the Library. Any differ- 
ences in opinion were discussed and resolved by 
consensus, although there is no documentation of 
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this. However, the Library did perform a second 
outside safety review after the final construction of 
the pilot plant lo verify that the various safety re- 
quirements and recommendations were imple- 



mented. The review was conducted by the same 
six outside consultants. Those with comments were 
invited back a second time to review the implemen- 
tation of their reconmiendations. 



SAFETY OF FU 

Although a successful pilot plant program can 
demonstrate the safety of the DEZ system, it can- 
not assure it. The safety of a full-scale plant will 
depend on carrying forward all of the efforts and 
expertise that have gone into the pilot plant pro- 
gram. In addition, the full-scale plant will intro- 
duce public safety concerns. 

Transportation Issues 

The transportation of liquid DEZ to the fuU-scale 
plant will present a new set of risks to public safety. 
The principal hazard is fire. Leaky valves, a com- 
mon event in the transport and handling of tanks, 
could cause DEZ vapors or liquid to be released 
and ignited. There is also the threat of explosion 
or rupture if the DEZ inside the tank disassociates. 
A firey truck accident, also not uncommon, could 
damage the relief valve and expose the tank to very 
high temperatures. If gases evolved as a result of 
rapid disassociation cannot be vented safely or 
quickly enough, an explosion could occur. 

During the course of a year, Texas Alkyls A^ill 
be trucking 15 to 20, 430-gallon tanks of neat liq- 
uid DEZ from their facility in Houston to the full- 
scale plant site. These will be individual shipments, 
since the storage of DEZ at the plant site will be 
kept to a minimum. 

The 430-gallon tank will actually contain a nomi- 
nal 390 gallons of DEZ, or 3,900 pounds. The tanks 
are standard portable steel tanks, constructed in 
accordance with hOT regulations (DOT CFR 
178.245). TTiey are designed to contain pressures up 
to 200 psig. The DEZ will be shipped under low 
pressure. T*^e tank is fitted with a 45-psig relief 
valve. The wnk has a frame around it to facilitate 
handling. 

Texas Alkyls normally ships its DEZ diluted in 
hexane. Although it is still pyrophoric, the hexane 
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acts as a heat sink, keeping the DEZ below its dis- 
association temperature. However, because it will 
be shipping neat DEZ, Texas Alkyls has taken the 
added precaution of insulating the tank with 4 
inches of calcium silicate, and wrapping it in a stain* 
less steel shield. 

The insulated tank was designed with the help 
of Stauffer Chemicals Research. TTie design criteria 
was to limit the temperature rise of the DEZ in ihc 
tank to less than 4 ° C when exposed to a standard 
DOT bonfire test. The standard DOT bonfire test 
exposes objects to a temperature of 870^ C for J4 
hour. A small test cylinder insulated with calcium 
silicate was subjected to the bor.fire test. The cyl- 
inder survived the test, the DEZ temperature in- 
side the tank remained virtually unchanged and the 
paint underneath the insulation showed no signs 
of being affected by the heat. A similar uninsulated 
cylinder of propane was tested along side the DEZ 
cylinder and exploded. Calculations indicated that 
he 430-gallon tank would require 2 inches of in- 
sulation, 4 inches were added as an additional safety 
factor. 
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Incidents Involving the 
Trstnsportation of DEZ 

All incidents associated with the transportation 
of hazardous materials must be reported to DOT. 
Since 1979, no incidents involving DEZ have been 
reported. TTiere have been five incidents involv- 
ing metal alkyls. All involved relatively small 
volumes. All were fire-related, resulting finom faulty 
valves or valve connections. No injuries were re- 
ported; losses totaling about $11,000 were at- 
tributed to the incidents. 

These incidents apparently involve secondary 
shipments of metal alkyls. There are no reports that 
Texas Alkyls has had any incident involving the 
transportation of its products. They ship their prod- 
ucts in sizes ranging from one-liter vessels to rail- 
road tank cars that can hold about 30,000 gallons. 

Shipping Plans 

The details concerning who and how DEZ will 
be shipped to the full-scale plant have not been de- 
veloped. Texas Alkyls contracts a commercial car- 
rier to ship their products. Shipments are normally 
made in an enclosed van. Normally, Texas Alkyls 
only provides training to tank truck drivers. They 
are given a demonstration of what a pyrophoric fire 
is like, shown a film on the safe handling of DEZ, 
and instructions on how to deal with local officials 
in the case of an accident. If considered useful, this 
training could also be made available to those en- 
closed van drivers shipping DEZ to the full-scale 
plant. 



During the testing at NASA-Goddard, the Li- 
brary made preliminary contact with the fire mar- 
shalls at Fort Detrick and Frederick because of the 
plans to locate the full-scale plant at the Fort. Dis- 
cussions on a .afe route from the interstate to the 
site and fire control techniques were discussed. No 
formal plans were developed. The Library also ap- 
proached the Frederick City Council, where the 
safety of the proposed shipments was debated. 
These contacts were suspended after the NASA- 
Goddard accident. If the Library locates the plant 
at Fort Detrick, the Library intends to revive these 
discussions sometime ir ^989, possibly through the 
/\rmy Corps of Engine ,rs. 

Other Safety Issues Related to 
the Full-Scale Operation 

The decisions as to who will finally be responsi- 
ble for designing, constructing, managing, and 
operating the full-scale plant must still be made. 
From a safety point of view it is imperative that 
the effort that went into the Texas Alkyls' pilot plant 
be carried forward completely to the full-scale plant. 

It is important that the contractor for the con- 
struction of the full-scale plant establish, as early 
as possible, effective communication with Texas 
Alkyls and S&B Engineering, who will have ac- 
quired the most experience with the process. It is 
critical that the expertise of Texas Alkyls is trans- 
ferred completely to the full-scale operation. It is 
possible that the contract will go to Texas Alkyls. 



RISKS 



The transportation md use of DEZ poses risks 
to work.TS, tht public, the plant, and books. These 
are discussc u briefly in the following section. 



Risk to Workers 

Leaks or spills during operation pose a minimal 
risk to the worker if safe operations are followed. 
Operation is remote and the operator sits behind 
a fire wall. Liquid DEZ is located in the far corner 
of the plant. Tne fire control panel used to operate 



the automatic sprinkler system would be located 
some distance away from the plant. 

During a fire the risk is higher. The operator 
must decide whether to use the sprinkler system or 
not. There is an opportunity for an error in judg- 
ment. The fire or the intensity of heat can cause 
injury if the choice has been made to control the 
fire manually. Proper clothing and breathing de- 
vices as well as fire-fighting devices are needed. 

The greatest risk to workers occurs during main- 
tenance, retailed maintenance procedures and tests 
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are needed to reduce the chance of burns. Proper 
clothing and breathing devices (for enclosed spaces) 
are needed, and wc'-k should be done in teams. The 
only injury recorded during the development of the 
DEZ process was a worker at the G.E. test facility 
that burned his arm when some DEZ mixture drip- 
ped on his skin from piping that he was cleaning. 
The injury was minor, however, and did not re- 
quire hospitalization. 

There is some risk of injury or asphyxiation if 
a person enters the chamber when the door to the 
chamber is opened, since this is also a manual 
operation. 

Proper strengthening of walls, etc. should reduce 
llie risks associated with explosion for any enclosed 
spaces. 

Risk to Public 

For the full-scale plant, the public is at some risk 
due to the transportation of DEZ from Houston. 
Truck accidents are the most frequent incident in- 
volving the release of hazardous materials.^ Fur- 
thermore, the tipping or loss o; portable tanks dur- 



'U.S Congress, Officcof Technology Assessment, Transportation 
of Hazardous Matcnals, OTA-SET-304 (Washington, DC U S Gov- 
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ing transit are a common mode of accident. 
Nevertheless, fire during transit would be localized 
and would not expose a large number of people to 
the hazard. A more complete transportation risk 
assessment could be included in the environmental 
assessment 'et to be completed for the full-scale 
plant. 

Risk to Plant 

The plant is at greatest risk. Fire due to leaks 
or spills are inevitable, ^ven if the chances are kept 
low by proper inspection and maintenance. The 
types of fire that can be expected will be short in 
duration but very hot and could cause extensive 
damage. Damage can be controlled by keeping the 
fire isolated and cool with an appropriately designed 
sprinkler system. The chance of explosion is more 
remote than fire, but the consequences could be 
much greater. 

Risk to Books 

The books remain relatively cafe. Fire in the 
chamber is a very remote possibility, given the 
redundancy in design. Excess zinc oxide deposi- 
tion, although not necessarily harmful, may cre- 
ate visual problems. Wear and tear from book han- 
dling may also cause damage. 



DISCUSSION 



DEZ is ahaz£udous substance. Any system using 
DEZ is sus eptible to fire and explosion. However, 
with proper design and operation, these hazards 
can be managed. 

The second pilot plant has been buili to good 
chemical process engineering standards with care< 
ful attention to safety. OTA finds these efforts ade- 
quate, but the pilot plant tests during 1988 are 
needed to demonstrate all safety aspects. As of Feb- 
ruary 1988, four initial commissioning runs of the 
pilot plant have been completed in a safe manner 
and without incident. 

The full-scale plant will need equal or greater 
engineering attention. Scale-up design will need to 



consider some additional engineering problems. 
Safety practices will need to consider problems re- 
lated to a new site, new plant management, new 
operators, and a new community setting 

OTA has qualitatively assessed the risks and feels 
the greatest risk is damage to the plant itself. The 
greatest hun an risk is to plant workers during ini- 
tial hookup of the DEZ storage tank, maintenance, 
or fire-fighting. 

There is a marginal risk to the public as a result 
of shipping DEZ. The Library must take extra pre- 
caution to analyze that risk and work with the lo- 
cal community in minimizing those risks. 
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Chapter 6 

Health and Environmental Effects 



INTRODUCTION 



As with any new process, there is a need to con- 
sider the human health and environmental impacts 
of D2Z treatment of large quantities of books and 
papers. The Library of Congress has begun a num- 
ber of studies and intends to do further work prior 
to building a full-scale treatment plant. This chapter 
summarizes information about zinc, the health ef- 
fects of zinc and zinc oxide, the Library risk assess- 
ment, and environmental impacts. Concerns about 
the need for the Library's risk assessment are pre- 
sented in the Discussion section. 

The compounds used and produced during the 
DEZ process are DEZ, water, ethane, and zinc ox- 
ide. Although there is currently little evidence to 
indicate that any of these compounds produce seri- 
ous health effect , the Library is evaluating the risks 
the process may pose to workers, librarians, and 
library users. The Library's effort focuses on zinc 
oxide, which will be present as particles in the 
treated books and as dust in the work environment. 
Of particular concern is the inhalation of these zinc 
oxide partides. The Library also plans to determine 
whether any intermediate compounds are formed 
during the process that would warrant toxicologi- 
cal investigation. 

The biological contribution and health effects of 
zinc and zinc compounds have been studied for 
many years. Most of the literature rela*'ng to in- 
halation have focused on the effect acute or sub- 
chronic cxposuies have on respiratory function and 
illness. There have been no tests studying the car- 
cinogenic, teratogenic (birth defects), or reproduc- 
tive effects of ci /onic zinc oxide inhalation. There- 
fore, the Library, with the help of two consulting 
toxicologists, has designed an animal study to in- 
vestigate these effects after chronic exposures to the 
zinc oxide produced by the DEZ process. The re- 
sults of these aninial studies will be combined with 
exposure measarementr at the plant site and at the 
Library ♦o provide a complete risk assessment. 



The other compounds associated with the proc- 
ess art not expected to pose any serious health prob- 
lems. Ethane is considered to be a relatively be- 
nign compound. It is not considered carcinogenic 
or mutagenic. It is, however, governed by the 
OSHA limits on hydrocarbons, and can cause 
asphyxiation in closed quarters. 

DEZ is not considered to be a toxicological haz- 
ard, either. Its pyrophoric nature precludes ex- 
posure. However, dilute liquid mixtures of DEZ 
can remain stable in air and cause severe bums if 
it comes in contact with the eyes o*' skin. (See PJsk 
to Workers in previous chapter.) The Lib ^ in 
an effort to test the toxicity of dilute gaseou .fix- 
tures of DEZ, exposed rats to hexane gas contain- 
ing 20 percent DEZ by wei^t. The tests were in- 
conrlusive. Hexane itself is toxic, and rats exposed 
just to hexane demonstrated similar behavior as 
those exposed to the hexane-DEZ mixture. Autop- 
sies showed no indication of growths or irritation 
in either case. Unless there is any indication that 
exposure to dilute concent, ^^ions of DEZ is a pos- 
sibility, DEZ should not be a toxicological problem. 

There have been two recent reviews of the liter- 
ature on zinc and zinc oxide. The EPA OfTice of 
Htalth and Environmental Assessment reviewed 
the literature in 1987 in an effort to assist the Of- 
fice of Air Quality Planning determine whether 
these substances needed to be regulated as hazard- 
ous ai ' pollutants.^ They concluded that no regu- 
lations were needed. The lite^'ature was also re- 
viewed by Leonard et al. in 1986.^ These two 
reviews provided most of the following information. 



'Office of HcaJth and Environmental Assessment, U S f nviron- 
mental Protection Agency, Swnmary Revtew of Health Effcctn Asso- 
ciated with Zinc and Zinc Oxide Htalth Issue Assessment t August 
1987 

^A Leonard, G Gcrbcr, and F Leonard, "Mutagenicity, Car- 
cinogenicity and Teratogenicity of Xinc, ' Mutation Research 168: 
343-353, 1986 
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ZINC 



Zinc is an important trace jlement in all living 
organisms and in all tissues. It is found in the blood, 
kidney, pancreas, liver, prostrate, skin, bone, and 
eye. More than 20 ^ir*c-containing proteins have 
been identified. These proteins have both structural 
and functional roles. Zinc enzymes assist in the syn- 
thesis of nucleic acids. Zinc also intervenes in a 
number of physiological functions as well, includ- 
ing various immune responses, the metabolism of 
hormones, and the stabilization of DNA's double 
helix. Zinc can also displace other metals. In the 
case of cadmium, mercury, and lead, the displace- 
ment is beneficial. In the case of iron and copper, 
the displacement has adverse effects. 

Zinc is naturally found in small concentrations 
in the environment (see table 14). There are many 
manmade sources of zinc. These include metal min- 
ing, smelting, the production ziu oxide and the 
manufacture of products containing zinc oxide, and 



Table 14.— Zinc Concentrations In the Environment 

Soil T77iolo3oo7g/kg 

Frosh water (unpolluted) Less than 10 fiQlL 

Surface water (polluted) As high as 21 mg/L 

Air (around zinc smelters) Less than 1 ^g/m* to 

15 .;g/m» 

Air (around certain work sites) As high as 18/tg/m' 

SOURCE Environmental Protection Agency, 1967 

the burning of refuse. Zinc is used for galva Mzing 
steel and in the production of rubber; and zinc ox- 
ide is used in pigments and in skin ointments, as- 
tringents, and antiseptics. Zinc oxide is also user^ 
to coat Xerox papers and thus is presen i man^ 
office environments. 

The zinc content of the average daily diet ranges 
from 8 to 18 mg/kg. Most of this is from food and 
drink. Intake through the skin or inhalation is min- 
imal. The daily recommended allowance for adults 
is 15 mg/day. 



HEALTH EFFECTS OF ZINC AND ZINC OXIDE 



Toxicity 

There are no adverse effects associated with der- 
mal exposures to zmc or zinc oxide. In fact, there 
are many zinc compounds used for medicinal pur- 
poses, including zinc ointments for the healing of 
wounds. Zinc compounds are foi.*id in baby pow- 
ders. The Library conducted eai tier toxicology tests 
on rabbits, exposing them to pap'^rs treated by the 
DEZ process. The results indicatea that *"hcre was 
no 'icrmal toxicity. 

Excessive or chronic oral ingestion of zinc can 
cause some health effects. Long-term feeding of zmc 
salts to rodents retarded growth, and led to ane- 
mia and metabolic effects. Excessive ingestion can 
lead to anemia due to the displacement of iron. 
There was some incidence of anemia attributed to 
zinc ingestion in children who played with zinc cast 
toys in alkaline bath waters. The effect can be 
reversed with the consumption of iron. Ingestion 
of zinc in excess of 400 ppm is known to cause gas- 
trointestinal distress, including nausea and diar- 
rhea. There >.ave been recorded many incidences 
of people experiencing tl ese effect-' after consum- 



ing food or drink from galvanized containers. Long- 
term ingestion of excessive amount of zinc or zinc 
oxide can cause immunological and cardiovascu- 
lar effects. However, there is no evidence that 
chronic ingestion of zinc if >isonous. 

The acute inhalation of zinc or zinc oxide parti- 
cles, on the order of 0.15 fim in size, can produce 
adverse health effects known as **metal fume fe- 
ver.*' It is normally associated with welding and 
other zinc industrial environments. The symptoms 
include fever, nausea, headaches, and dryness of 
the mouth and throat. The effects are reversible in 
24 to 48 hours. OSHA has set an acceptable expo- 
sure level 3z 5 mg/m^ for an 8-hour workday. Sub- 
chronic xposure to zinc oxide fumes, even some- 
what below the OSHA level may cause gastroin- 
testinal damage such as peptic ulcers and liver dys- 
function and increased ifispirafoiy illness .nd 
infection. Whether these effects can be expected 
from working around the treated books or during 
plant operation, depends '^n the particle size and 
the amount of exposure. Inis will be discussed in 
the b :tion on exposure. 
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Mutagenicity, Carcinogenicity, 
Teratogenicity 

Zinc is not considered mutagenic. There is son,e 
evidence that zinc acetate may cause chromosomal 
aberrations in ccnain cell?, but the cells that were 
studied were not those normally used for studying 
chromosomal damage. 

There is no clinical evidence that indicates in- 
gesting or inhaling zinc or zinc oxide causes tumors. 
Examination of a variety of tumors show no corre- 
lation with zinc concentrations in the tissue. How- 
ever, there have been no valid studies from which 
to evaluate zinc's carcinogenicity. Tumors ha^'c 
been caused by repeatedly injecting the testicles of 
birds and rodents with zinc salts. Zinc metal pow- 
der injected into the trachea of animals has also 
produced tumors. In all of these cases, the tumors 
were located at the site of injection. Injection is not 
considered a valid exposure route and unless it 
causes tumors away from the site of injection, it 



is not considered a valid indication a substance's 
carcinogenicity. 

T<e4.ause of zinc's role in DNA synthesis and cell 
f,rr*^h, zinc has been associated with promoting 
^he growth of certain tumors. In other rases, zinc 
has inhibited tumor growth. 

Zinc is not considered to be teratogenic. In fact, 
zinc deficiency is known to be a major cause of birth 
defects, and zinc can reverse the teratogenic effects 
cf cadmium. For t'lis reason zinc supplements have 
been given to pregnant women. However, there 
have not been auy teratogenic studies related to the 
:hronic inhala'.ion of zinc oxide. 

Excessive zinc has advei-sely affected fertility and 
pregnancy in rats. The effect may or may not be 
similar in humans, l^ormal levels of zinc dc not 
appear to be a problem. Pregnant women who have 
been given zin'* supplements, up to 81 mg/day dur- 
ing their final 3 months of pregnancy, have shown 
no adverse effects. 



LIBRARY'S RISK ASSESSMENT 



Animal Study 

The Library has designed an e «.ensive animal 
test to study what effects the acute (14 days), sub- 
chronic (91 days), and chronic (2 years) inhalation 
of zinc oxide particJ?^ may have on pulmonary 
function and male and female reproductive capa- 
bilities, and to determine the carcinogenicity and 
teratogenicity of chronic inhalation of zinc oxide 
paiticles. The study will expose rats to acute, sub- 
chronic, and chronic inhalation of zinc oxidt ^^r- 
tides at various concentrations in air, including a 
zero percent zinc oxide control. Clinical and gross 
pathologies will be performed on all specimens and 
organs. Pulmonary physiology will be examined in 
some specimens and pathology of the respiratory 
track will be performed on all specimens. An ex- 
amination of sperm morphology and vaginal cy- 
tology will also be performed on specimens in the 
sub-chronic and chronic studies. Some specimens 
from the sub-chronic exposures will be mated to 
study the reproductive and teratogenic effects. 

All tests will be performed in accordance with 
the National Toxicological Program guidelines for 
good laboratory practice. 



^^rposure Study 

As part of its risk a^isessment, the Library is de- 
termining the particle size and levels of exposu**e 
that can be expected for library users, librarians, 
and process workers. Particle size will determine 
how deep the particles may go into the lung (e.g., 
respirability). Particle size v. respirability is given 
in table 15. 

Library user's can be expected to be exposed to 
zinc oxide by le'jifmg through a book. Two meth- 
ods were used to determine Jie amount of zinc ox- 
ide to which a user may be exposed. One method 
was to vacuum loose zinc oxide off randomly 
sfi'^cted pages of treated books. The other method 
mechanically leafed through books and sampled the 
air 5 inches above the pages. 



Tabto 15.^Partlcl« SIzt v. Respirability 

Particle size Otm) 10 5 33 23 2~ 

Percent resplrsble 0 25 SO 75 100 

SOUflCE: Northrup S«7lc~« Inc , "Evaluation of DMhylzinc-TrMiad Papar Par* 
ticuMa Emiaalona.** Pinal Raport to tha UtKary of Oonviraaa, Auoutl 

r966 
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Librarian exposure will be determined by meas- 
uring tfie ambient air concentration of zinc oxide 
in a simulated stack of treated books. 

Worker exposure will be determined by taking 
air samples at the chamber door, when the door 
is opened and closed. 

Results from the user exposure study indicated 
that the particle cr aggregated particle size aver- 
aged 0.6 to 1 .5 ^m by 0.4 to 1 .0 Particles of 
this size are respirable, but 90 pe rcent of those 
measured were above the 0.15 |mi particle size re- 
lated to metal fume fever. ^ In addition, the maxi- 
mum airborne concentration, 5 inches above a me- 



•Northnip Environmental Sciences, Triaiigle Park, NC, Evaiua- 
tion of Diethyl ZinC'Trcattxi Paper: Particulate Emissions, a report 
prepared for the Library of Congress, August 1985, p 4-1 



chanically leafed book, was 0.06 ^g/m' we.i below 
the OSHA acceptable limit. The concentration of 
particles taken from the vacuumed pages ranged 
from 9 million particles per cubic meter to 45 mil- 
lion. This is also below what would be considered 
a toxic concentration of about 1 billion particles per 
cubic meter.* Therefore, the exposure of Library 
patrons to the zinc o.<cide in treated books should 
not result in any kno\>7i health effects. Whether or 
not these concentrations will cause other health ef- 
fects depends on the results and interpretation of 
the animal study results. 

The exposures of Library workers and plant 
workers to zinc oxide have not yet been measured 
at the time of this report. 

MUJ , p 4-2 



ENVIRONMENTAL IMPACT 



In 1984 the Library prepared an initial environ- 
mental assessment of a proposed DEZ plant at Fort 
Detrick. ITie purpose of the assessment was to de- 
termine to what extent the siting, construction, and 
operation of the plant would impact the local sur- 
roundings and community. The assessmen;, based 
on the scaled-up design of the first Goddard pilot 
plant, determined the'-e would be no significant im- 
pact. The assessment was reviewed and approved 
by Fort Detrick personnel, but the accident -t God- 
dard halted the process before it was presented to 
the Army Corps of Engineers and the community 
for review. 



The Library intends to initi:iic a new environ- 
mental assessment after the full-scUe plant design 
is completed and a site has been selected. If the 
plant remains at Fort Detrick, as originally planned, 
a mor-e comprehensive asseLsment than the first will 
be required. If another site is chosen, a new, com- 
prehensive assessment will probably be necessary. 
Any ethane emissions will need to meet lo>.al air 
pollution regulations. Other impacts will need to 
be reviewed and evaluated for a new site. The Li- 
brary must allow adequate time for environmental 
assessment to avoiu ddaying the construction of the 
plant. 



DISCUSSION 



OTA, with the assistance of consulting toxicol- 
ogists, met with the Library's consultants, to re- 
view the studies both completed and planned. 
There was a general consensus that the search of 
the existing literature -a as thorough, and that there 
was a lack of studies directed at the effects of chronic 
inhalation. The planned animal study designed by 
the Library's consultants v/as also considered to be 
thorough and followed th- accepted protocols. 



There were, however, a couple of concerns ex- 
pressed by OTA consultants. 

There was some concern that the rat may not 
be an appropriate model of the human respiratory 
system. Rats have a greater clearance, i.e., can bet- 
ter remove particles from their lu.igs, than can hu- 
mans. The amount of zinc oxide actually reaching 
the rats lung (i.e. , the actual dose) may be propor- 
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tionately far less than what would be expected to 
reach a human's lung. It was suggested that a pre- 
stvuy test, measuring the clearance of various 
models including the rat, could determine the most 
appropriate model or at least determine the actual 
amount of zinc oxide getting into the rats lungs. 

There are some practical limitations to ujing 
other animals too. The life sp an of other labora- 
tory animals Tke rabbits or cats would make the 
chronic exposures more expensive. Some animals' 
lungs, such as the mouse's lung, are not sensitive 
enough for respiratory studies. Also there is a good 
inhalation database for rats. TTie Library analyzed 
this problem and concluded that it would be accept- 
able to use the rat model. 

There was also some question as to the need for 
the Library to perform evaluations on the chronic 
effects of zinc oxide inhalation if the levels of ex- 
posure are below those experienced in the acute and 



sub-chronic literature. Although there is no evi- 
dence to suggest that low levels of zinc oxide cause 
chronic effects or is carcinogenic, this is not sufKi- 
cient to say that there are no chronic effects or that 
zinc oxide is not carcinogenic. Therefore, the Li- 
brary and its consultants contend that it is in the 
Library's interest to perfonn a large-scale investi- 
gation into this arc:^ It is not clear, however, 
whether a single study can resolve the issue. There- 
fore, there is a question as to how much time and 
effort the Library should spend in generating in- 
formation that may have only a marginal value. 
It was suggested by one of OTA's consultants that 
the Library perform the exposure analysis and de- 
termine whether the levels are comparaUe to or h*!- 
low chose already studied in the literature. If they 
are greater, then the rest of the study should be con- 
ducted. If they are below, then an extensive review 
of the literature and the exposure study should 
suffice. 
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INTRODUCTION 



Part II of this report discusses possible alterna- 
tives to the Library's proposed deacidification sys- 
tem. The main alternatives that are described are 
the Wei T'o, Bookkeeper (Koppers), and Interleaf 
Vapor Phase I>eacidification processes. Advant^s 
and disadvantages of these three main alternatives 
to the Library's DEZ process and an ideal deacidifi- 
cation system are discussed along with the effec- 
tiveness; costs; and impacts on safety, health, and 
the environment.^ Other processes that OTA ob- 

'Scparatc contractor's report to OTA companng the effectiveness 
of these processes is also available from OTA upon request David 



tained information on, but was unable to thoroughly 
analyze are identified in this section of the report. 
The potential for increasing the use of acid-frti. pa- 
per and what effect, if any, this might have on the 
Library's program, is also discussed. 



N S Hon, "An Evaluation of Mass Deacidification Processes for Book 
Preservation and a Comparison of Then Chemical Characteristics and 
Effectiveness," Clemson, SC, Nov^ibcr 1987 



ALTERNATIVE PROCESSES 



Wei T'o 

The mass deacidificiation process developed by 
Wei T'o Associates is a nonaqueous liquid proc- 
ess that uses the same b?sic chemistry as the man- 
ual Wei T'o processes currently in use in many 
libraries. A mass de? Edification pilot plant was built 
for the Canadian National Library and National 
Archives in 1979. The plant wras designed to t^eat 
30 books at a time. Since 1981, the Canadian Li- 
brary and Archives hive been operati ng the sys- 
tem on a scmi-production scale basis, treating about 
120 to 150 books per 8-hour day. " he Canadian 
Library has no immediate plans to FcaJc-up the 
process. Wei T'o has a preliminary design and . o:* 
assessment for a system that would double the batcli 
size a*.^ optimize the system's throughput. 

The Wei T'o process uses methoxy magnesium 
methyl carbonate dissolved in methanol, and mixed 
wth Frcon 12 and Freon 113. These freons are liq- 
uid gases, normally used as refiigerants, that al- 
low the methoxy magnesium methyl carbonate/ 
methanol solution to penetrate into the paper. 
Books arc immersed in the solution and the 
methoxy magnesium methyl carbonate reacts with 
moisture in the bookn, theoretically forming mag- 
nesium carbonate, magnesium hydroxide, and 



magnesium oxide. These compounds will react with 
acids in the paper to form stable, neutral salts. Ex- 
cess magnesium carbonate, hydroxide, and oxide 
will join together to form a mixture (called basic 
magnesium carbonate) that acts as the alkaline 
buffer. 

The system in place at the Canadirn Library in- 
cludes a warm air drier, a vacuum r;rie»*, and the 
processing unit, which inclines the processing cham- 
ber, a storage tank, and a recovery tank and con- 
denser (see figure 22). The storage tank holds the 
Wei T'o solutic i under pressure. To begin treat- 
ment, the solutic:; is pumped through a filter to 
remove impurities such as paper fragments loosened 
from books into the processing chamber. After 
treatment, the solution flows back into the stors^ 
tank for reuse. Vapors firom the chamber are evacu- 
ated and passed through a condenser and fed into 
the receiving tank, which can then be sent back to 
Wei T'o for reprocessing. 

Selected books are placed in metal crates and 
dried in warm air to remove a large amount of 
moisture. Before being treated, the books are placed 
in first • »ne and then a second vacuum drier to re- 
duce the books' moisture content to 0.5 percent. 
In the second vacuum drier the books are heated 
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FIgim 22. - W9i To ProcMt [St«pft in Sequenca ti] 
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to about 100^ C and held there overnight at a pres- 
sure of 0.2 torr. The books must be dry to allow 
good process control. Total drying time is about 
24 hours. 

The books are then transferred to the process- 
ing chamber. The chamber is bolted closed and a 
vacuum pump evacuates the air and moisture from 
the chamber. The books must be treated in a dry 
environment because the solution will react with 
excess moisture and turn into a gel. When the 
chamber has been evacuated, it is backfilled with 
vapors recycled from the receiving tank, equilibrat- 
ing the process chamber pressure with the storage 
tank pressure. This is done to avoid any turbulent 
flow when the solution is fed from the storage tank 
into the process chamber. The solution is intro- 
duced slowly to avoid forming any bubbles that may 
result in non-uniform impregnation of the books. 
Once the chamber is filled, it is stabilized for 4 min- 
utes and then more solution is added to increase 
the pressure in the chamber. The chamber is left 
under pressure for rou^y 40 minutes to allow ade- 
quate penetration of the solution into the books' 
pages. 

When the treatment i^ completed, the solution 
is drained back into the storage lank. After the 
chamber has been completely drained, a vacuum 
pump removes all the excess vapors, routes them 
through a condenser, and the liquid is stored in the 
receiving tank. This removes a large fraction of the 
excess solution and freon left in the books. The 
chamber is then purged with warm air and opened. 
The crates are removed and j^aced in a storage cab- 
inet overnight, where the remaining solution and 
freon evaporates until the books warm up and re- 
gain a portion of their original moisture content. 
Thty regain the rest of their moisture slowly after 
leaving treatment. 

The chemical treatment step takes about 1 hour. 
This includes the time it takes to pull another 
vacuum on the chamber after the books have been 
removed to minimize the amount of vapors left in 
the chamber and eliminate fouling of the chamber. 
Total cycle time is roughly 26 hours plus the cabi- 
net storage time after treatment. The Canadian 
plant treats about four to five batches of 30 books 
each per 8-hour day with two operators for the en- 
tire plant or about 42,000 books per year. 




Bookkeeper Process 

The Bookkeeper'' process is a nonaqueous liq- 
uid process that was initially developed by the Kop- 
pers Chemical Co. beginning in 1981. Develop- 
ment progressed to a detailed design of a pilot 
facility capable of treating 100 books per day. An 
agreement was negotiated between Koppers and 
The University of California at Berkeley to con- 
struct and demonstrate the pilot system at the 
university. Koppers halted the project, however, 
after they concluded that the Library of Congress 
was committed to the DEZ process and that the pri- 
vate library business potential was too limited. Kop* 
pers has since sold tie patent to Richard Spatz, who 
recently retired from Koppers. In 1987 Mr. Spatz 
contracted with Koppers to have the original de- 
velopment team continue work to improve the sys- 
tem under the name Bookkeeper." 

The "Bookkeeper" process uses a suspension of 
fine (submicron) particles of magnesium oxide dis- 
persed in a fluorocarbon (e.g., Freon 113) and a 
surfactant. No solvents such as methanol are used. 
The fluorocarbon carries the particles into the pa- 
per and the surfactants keep the particles evenly 
dispersed in the mixture. The process does not im- 
mediately neutralize the acids present in the pa- 
per. Rather, when the books are immersed in the 
mixture, the magnesium oxide particles are im- 
planted into the paper and deacidification occurs 
later as the adds migrate to and react with the par- 
ticles over time. 

The process is capable of being designed as ei- 
ther a batch or a continuous process. The pilot plant 
was designed as a batch process and designed to 
fit in a tractor trailer. It consisted of storage/mix- 
ing tanks, a loading area, a treatment tank, and 
a drier/condenser. (See figure 23.) 

Books do not have to be predried in th;s proc- 
ess. Books (current designs hold three books) are 
loaded into a fixture that spreads the books open 
to a specified angle. The fixture is then lowered into 
the treatment tank and the tank is filled with the 
mixture. The fixture is then mechanically agitated 
while the mixture is circiidated to ensure complete 
wetting of the book and its pages. The fixture is 
designed to close the books before they are removed 
from the tank. Treatment takes only a few min- 
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utcs. The beaks arc then removed from the fixture 
and placed in an air drier. The vapors from the 
drier arc condensed and recycled. Total process 
time is 4 to 5 hours. 

Experiments arc currently being performed that 
place a book fixture, holding about 10 books, in 
a processing chamber similar to the kind used in 
the Wei T'o process. The chamber is then filled 
with the mbcturc and die books agitated. After the 
chamber is drained, it is evacuated by a vacuum 
pump for about 1 hour to evaporate the majority 
(about 95 percent) of die mbcturc remaining in the 
books. Warm frcon v^rs are then passed through 
coils in the chamber and the remaining 5 percent 
of the mixture remaining in the books after treat- 
ment is ev£^rated under vacuum. In this new de- 
velopment, total cycle time may be about 3 hours. 

Inteilcaf Vapor Ph se DeacidiScation 
(VPD) 

The Interleaf process is a vapor phase deacidifi- 
cation process developed in England by Langwell 
in the 1960s. The patents to the product have been 



purchased by B.G, Robertson Laboratories. Inter- 
leaf, Inc. of Minneapolis is the sole U.S. distributor. 

The VPD process uses cyclohexylamine car- 
bonate crystals that are either impregnated on a 
sheet of pape* or placed in a packet that is then 
placed between the pages of the books to be de- 
acidified. Cyclohexylamine carbonate is a organic 
derivative of ammonia and is volatile at room tem- 
perature. The crystals release vapors that neutral- 
ize acids as they permeate through the pages of the 
book. Placing the packets takes only a few minutes 
and complete book deacidification is achieved slowly 
over several days. 

The technique is being used at the Public 
Records Office in London and the United Nations 
in Geneva. In this country, Interieaf offers this serv- 
ice to customers that are having books rebound and 
sells the packets to the general public. The largest 
deacidification project that Interleaf has done in- 
volves tlie deacidification of 1,200 to 1,500 books 
from a sr.iall law book collection. Books are treated 
in batches of 100 and placed in boxes for 10 to 12 
days and then removed. 
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ADVANTAGES AND DISADVANTAGES OF 
THE ALTERNATIVE PROCESSES 



It is not possible to make a definitive compari- 
son of the various processes at this time. Data 
assessing the effectiveness of the processes are 
limited and those that do exist do not fully assess 
the processes' effect on paper. Nor have any of the 
processes been developed enough to allow for an 
accurate assessment of the potential treatment ca- 
pacities or costs. However, for DEZ and three ma- 
jor alternatives, OTA has made qualitative com- 
parisons of process effectiveness; capacities and 
costs; and safety, health, and environmental im- 
pacts. The results of these comparisons, against an 
ideal system, are shown in table 16. 

Effectiveness 

There is a general lack of meaningful data to 
compare the effectiveness of the various processes. 
The effects the various treatments have on the 
chemical properties and behavior of the various 
chemical components of paper — including cellu- 
lose and its hydrox^l and carbonyl functional 
groups, hemicellulose, and lignin — have not been 
given much attention. Data on the effect of treat- 
ment on optical properties of paper are also limited. 
Nor has the stability of treated papers to li^t, pol- 



lution, and other degradation mechanisms been 
properly evaluated. The effects various treatments 
have on mechanical properties have received the 
most attention, but the results that have been re- 
ported are not conclusive. The change in the de- 
gree of polymerization, which some paper chemists 
feel is a more definitive measure of a process' ef- 
fectiveness, has not been measured. 

The data that do exist have been generated over 
a long period of ' -.ne by the individual developers, 
on different types of papers, under a variety of test 
conditions, measuring only a few of the important 
properties. Ideally, a definitive assessment would 
require a direct comparison of paper specimens 
treated by the various processes and tested under 
identical conditions. 

Nevertheless, OTA has made a qualitative com- 
parison of the effectiveness of the various processes 
(shown in table 16) based on the following criteria: 

• the need for preselection (i.e., screening) and 
predrying before treatment; 

• cycle times; 

• complexity of the treatment plant; 



Table 16.~Compariton of Alternative Mass Oeacldlflcatlon Processes, As of January 1988 



Criteria I deal DEZ* Wei T'o Bookkeeper^ VPP<^ 

Preselection of books l^o No Yes Minimal^ Yes 

Predrying None Yes Yes None None 

Impregnation *ime Short Long Short Short Very long 

Treatment plant Simpie Complex Less complex Simple Very simple 

Effect on inks and colors . .None None Some Minimal^ Some 

Effect on plastic covers ... No No Yes Minimal^ Yes 

Neutralization Complete Complete Needs verification* Needs verification* Partial 

pM of treated paper 7.0^.5 7.0-7.5 8.5-9.5* 8.0-9.0* (surface) 5.0^7 

Alkaline resen^e About 2% 1.5-2.0% 0.7-0.8%* 2%* None 

Danger to health None Risk of fire Uncertain' Uncertain' Uncertain 

Impact on environment None Low Uncertain^ Uncei'iinO Low 

Stage of development — Operating pilot plant Operating pilot plant Lab tested pilot Commercial 

(2 mo.) (7 years) d3sign 

Co>t ~ Moderate to high'' Low to moderate'^ Low'' Low'^ 



Hlbrary of Congrm* DEZ proctM. 

°* BooMmpt*' tubmlcron partlcla proctM. 

^Langwtl) vapor phMO dMcMlflcnlon proc«M— dittrlbuttd by IntarlMf, Inc. 

^BatcJ on tttophono convtrtatlon with Dr. J J Kozak of Kopn«n (Nov 2, 1967) No lndap«nd«nt 4SMMmant. 

*No fonn«i tndoptndmt analyMt htv« tmn mada. Manufactuur t data Indlcatas complata ntutrallzatlon undar laboratory condltiona 

MnltM Indications ara good but no formal aaaaaamanf) hava baan mada. 

OSoma con^tm about tha futura ragulatlon of fluorocarbons uaad In thaaa procasaas 

'^Baaad on OTA analyals and axtrapolatlon of llmltad coat data f urn! shad by davalopar of aach systam 

SOURCE' David Hon, "An Evaluation of Maas Daacidlflcat<on Procasaas for Book Prasarvatlon and a Comparison of Their Chamlcal Characteristics and Effect Ivanasa." 
prepared for OTA, November 1967. 



ERIC 



* 



92 



• effect on inks and colors, plastic book coven 
and other materials; 

• completeness of neutralization and pH after 
treatment; 

• amount of alkalme reserve after treatment; 

• impacts on health and environment; 

• stage of development; and 

• cost. 

In smaU-scale tests the DEZ process can, very 
impressively, neutralize all excess acids in the pa- 
per and deposit a uniform alkaline buffer. Deacidifi- 
cation bypxoducts are neutral and stable. An advan- 
tage of the DEZ process over all the others is that 
the initial deacidification occurs independendy of 
the alkaline buffer deposition. As a result, ail papers 
are left nearly neutral after treatment, no matter 
what iheir original acid contents may have been. 
Furthennore, the amount of alkaline buffer depos- 
ited can be controlled to a much greater extent and 
achieve a greater uniformity within a book. How- 
ever, the uniformity and completeness of treatment 
from book to book depends on the flow character- 
istics of the gases in the chamber and the chara j- 
teristics of papers in the books. Whether very uni- 
fonn results can be achieved routinely in a fiiU-scale 
operaaon must stUl be demonstrated. 

Based on process tests to date, preselection for 
the DEZ treatment will probably not be needed. 
The DEZ treatment appears to be compatible with 
most other book materials including inks, colors, 
and pigments. It may cause some loss of bright- 
ness in nitrocellulose covers. The problem of ex- 
cess zinc oxide deposits on book covers can be min- 
imized, but depends on the flow of gases in the 
chamber. The DEZ treatment may leave a slight 
odor immediately after ireatwenc. 

The zinc oxide buffer could increase paper's sen- 
sitivity to photodegrsdation. This is of concern to 
the Library and the/ are planning further tests. 
Some other long-term effects must al }o be studied 
further: such as the effect of DEZ/nitro-cellulose 
reactions. The Library claims that the DEZ proc- 
ess can extend the life of a book three to five times 
based on fold endurance of test papers. The data 
that have been presented to support this have not 
been presented conclusively for the actual books in 
the Library's collection. Such an evaluation is 
pbnned as part of the quality control program that 



will be developed and tested at the Texas Allyls 
pilot plant. 

The Wei T'o plant is s' Tipler than the DEZ plant 
and its chemistry is generally accepted within the 
preseivation community. There is little data, how- 
ever, on the uniformity of treatment in a mass dea- 
cidification system. An examination of one of the 
books treated when OTA visited the Canadian fa- 
cility indicated that there were spotty areas where 
the pages had not been deacidified. Whether this 
was an isolated case that could be remedied by ad- 
justing the solution concentration or adjusting the 
process parameters is not known. The alkaline buf- 
fer deposited is comparatively small relative to the 
other processes. The plant also does not ap'^ar 
have been subjected to a systematic quality con- 
trol program and no process test results are 
available. 

The Wei T'o process requires pre-inspection of 
all books about to be treated. The solvents used in 
the process are known to cause certain colors to 
transfer and certain inks to run. Experienced oper- 
ators can determine which books may be affected 
by simple inspection. With inexperienced opera- 
tors or when encountering unfamiliar papers and 
colors, the particular pages must be tested to de- 
termine what effect the process may have. Some 
books cannot be treated at all, others can be treated 
after piarin^ blank paper between the color pages. 
Because of its relatively high alkalinity, the Wei T'o 
process can also cause discoloration after treatment 
if the paper is exposed to high humidity or water. 
Certain plastic covers will crack and flake. The rea- 
son for this is not known. It may be related to the 
difference in thermal expansion between the plas- 
tic coating and the paper cover. The books cool 
quickly as the freon and methanol evaporate from 
the books after treatment. The process does not 
leave any odor in the books. These various con- 
straints cause rejection of about 20 to 25 percent 
of the books submitted for treatment. 

According to its President, Wei T'o is develop- 
ing new chemicals for its processes. He claims that 
new non-alcoholic solvents are being developed to 
eliminate the problems of color transfer and ink 
swelling, and that magnesium will be replaced in 
the deacidifying agent to lower the alkalinity of the 
treated paper and reduce the problems of discol- 
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oration. The status of these new developments is 
not known. 

The long-werm effect of the Wei T'o process on 
various paper properties has not been adequately 
studied. There is limited published evidence that 
the mass deacidification system now in use extend, 
the life of books. Some fold endurance test results 
are shown in figure 24. WhiJc improvements in the 
papers are evident, the description of test condi- 
tions and test data is n sufficient for an evalua- 
tion of the significance of results. 



Figure 24. -Fold Endurancs After Aging of Papm 
TrwM by tta W«l r 0 ProcMS 
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The Bookkeeper process can achieve a uniform 
deposition of magnesium oxide throughout the 
pages of a book. Tests of this have been based on 
x-ray diffraction analysis and scanning electron 
microscopy. The treatment can also effectively neu- 
tralize acids, raising the pH of papers up to 8 or 
9. Tests by the developer have shown that fanning 
the pages of bound volumes is necessary to assure 
complete treatment and uniform pH values from 
cuter edges to the binding. However, only surface 
analyses have been performed. Cold extraction pH 
measurements have not been made. Since total de- 
acidification depends on the original amount of 
magnesium oxide that gets deposited, it is impor- 
tant to know how much buffer is left to inhibit ve- 
acidification. The Bookkeeper developer has done 
an initial microscopic study of treated paper which 
shows evidence of some penetration of magnesium 
oxide particles, but a nr-ire extensive test program 
is needed.* If the process proved not to completely 
deacidify the interior of papers, it would be a seri- 
ous drawback to its use. 

The Bookkeeper process is the simplest of the 
mass deacidification systems and may require the 
shortest cycle time. 

1 re Bookkeeper process may require little pre- 
selection, but the effects of the treatment on paper 
"uid other book materials has not yet been ade- 
quately studied. Because of the chemicals used in 
the Bookkeeper process, certain problems associ- 
ated with color transfer and ink swelling should not 
be expected. The problem with certain plastic- 
covered books may present a similar problem for 
the Bookkeeper process as it does to the Wei T*o 
process, since it too uses freon that will quickly 
evaporate after treatment. The process does not 
leave an odor in the treated books. 

As with the other processes the long-term effects 
of the treatment on the life and other properties of 
paper have not been adequately studied. Some fold 
endurance tests have been conducted, and the re- 
sults are comparable to those for both the DEZ and 
Wei T'o processes. (See table 17.) Based on this 
limited data. Bookkeeper claims that the life of a 
book can be extended two to three times.' 



SOURCE, no 3mil!h,CofmtntMoootUbmffdndAnNimikkmri9l»9naQnfihto 
ArtB, 'MtM OMddincaltoft at tht Public ArchivM of CvAdtt." Quy 
PMhtftridgt (td ) (London: Butltmorni't, 1967) 



'Letter from Richard E. Spatz with endosurci, Dec. 29, 1987. 
'Kundrot Patent, U S. Patent No 4,522,843, Jan. 11, 1985, p. 5. 
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Tabto 17.-Ace«tofat«d Aging Effects on Fold 
Endurmct of TrMtod and Un-Traatod Papers 
for ths Bookksspsr Procsss 

(sgine conditions— 70 <>C, ssturatsd R.H.) 



Days of exposure 


Fold endurance 
(double fold with 0.5 kg) 


Untreated 


Treated 


0 


1,406 


1,390 


7 


033 


1,160 


14 


619 


969 


21 


410 


809 


28 


272 


676 



SOURCE: BookkMpcr. 

The VPD process is the simplest of all the proc- 
esses but cannot really be considered a mass dea- 
cidification in the same scale as the other three sys- 
tems, rhe VPD process does not deposit an alkaline 
buffer. Protection lasts only as long as the packets 
continue to give off vapors. Hie deacidification may 
not be permanent since the byproducts are vola- 
tile and under certain conditions (i.e., humidity and 
temperature) may revert back to acids. The data 
relating to the uniformity and completeness of treat- 
ment is anecdotal. 

Cyclohexylamine carbonate will react with some 
inks, colors, aim plastic covers, and therefore will 
require preselection before treating. Cyclohexyla- 
mine carbonate will also leave an odor in the books. 
The use of charcoal in the packets reduces the odor 
only slightly. 

Costs 

It is diflicult to obtain uniform cost estimates for 
comparing the various processes. Most of the 
detailed estimates have been independently pre- 
pared by the developers of each process and cer- 
tain major cost categories are not always included. 
Three types of costs are important: first, the capi- 
tal cost of a facility to treat a certain number of 
books; second, facility operating costs per unit time 
(usually 1 year); finally, pcr-book costs with as- 
sumptions of the total number of books treated per 
year. These three cost types are presented sepa- 
rately. Because most of the data a.e available for 
pilot plant sizes (about 40,000 books per year), cost 
comparisons will be made only for this capacity. 



Capital Costs 

OTA has obtained pilot plant capital cost esti- 
mates for three processes (DEZ, Wei T'o, and 
Bookkeeper) from the developers of that process. 
(See table 18.) Conveniently, roughly similar ca- 
pacity pilot plants have been designed or built for 
each. 

Operaf'ng Costs 

To compare operating costs, all important cate- 
gories for each process must be considered. Since 
only some of the data are available from developers 
of each system, OTA made rough estimates of some 
missing items. Table 19 disfJays certain operating 

Table 18.— Capital Costs of Alternative Systems 
at Pilot Plant Sizes 



Cost Books 

Pilot plant ($ millions) capaclty/S-hr. s hift 

DEZ* 50 

Design 0.6 

Construction 1.3 

Wei T o** 



(no design breakout) ... 0.5 ISO 
Bookkeeper^ 

(construction only) 0.4-0.6 100 

*6aMd on the actual cost of dMign and oonstnjctk>n for tfw p!lol plant at Taxaa 
Alkyts; capacity twaad on 56^r cycia tima may t>a modlflad dapanding on 
axparlmanta to ba parformad during iggs. 

^Baaad on act jal coats In 1979 raportad to OTA ty Canadian Nation^ Arcfilvaa 
Othar Information indlcatat tfila may alao t>a i^proximalaly ttta raplacamant 
coat in 19S7 

^Baaad on Bookkaapar daaign and datallad coat aatimata raportad to OTA in 
Octobar 1997 A modiftoatkwi to tha daaign in Oacambar 1997 <a cloaad ctmntm 
systam) waa raportad by tha ntanufacturar *o hava a lowar coat. 

SOURCE: Offica of Tachnoiogy Aaaaaamant. 1999. 



Table 19.^Seiected Operating Costs for Three 
Systems at Pilot Plant Sizes 
(ttKHieands of dofiars per year) 





DEZ* 


Wei T'o^ 


Bookkeeper^ 


Plant costs 


. 50 


100 


30 


Operating lat>or , 


....120 


80 


80 


Overtiead and 








administration , . . 


.... 30 


20 


20 


Total 


....200 


200 


130 



*ProralMl (rom Ubnty of Congimt HtlmatM tar full-*cil« plant. 
"Fnm Cinadltn (xptirianca 

"Fmm Rlchaid Spiiz MtlmalM (or plant cotta and Canadian axparlanca (or othar 
coata. 



SOURCE' Of (lea of Tachnoiogy Aataaamant, 1968 
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costs per year for the same pilot plani treatment 
capacities noted above (assume 40,000 books per 
year) Operating costs associated with transporta- 
tion and handling of books to and from a treatment 
facility sic not included because these costs can vary 
significantly depending on the library and the plant 
location as weU as setup. 

Per-Book Costf 

Figure 25 displays deacidlfication costs per book 
from OTA estimates based on a variety of sources. 
OTA tried to make all costs comparable by add- 
ing similar figures for categories not supplied by 
fathers. Those costs based upon some operating ex- 



perience are shown as single values; those based 
upon projections as ± 20-percent range. It is dear 
that there are a wide range of costs for the various 
processes. For the 40,000 book per year pilot plant 
size, present indications are that tiie DEZ process 
is by far the highest cost foUowed by Wei-To, Book- 
keeper, and Interleaf (VPD).* Further design, de- 
velopment and testing could change these costs — 
especiaUy for DF^Z and Bookkeeper. The much 
larger plants, of course, are more uncertain for fi- 
nal costs. Even with this uncertainty, it does ap- 



*T^c cost for the VPD process i% based on information from the 
mantifacturer of a typical charge he has made in the past for treating 
a few thousaiiij books at his fscUity. 



FIgiM 2S.-Etlim«tM Of P«r-Book Costs liorDracldlfic^^ Ptocmsm, 1987 
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SOURCE: OWiot of Ttdwwlogy AwMm>n1> 1988 
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pear that the DEZ process will remain the highest 
cost alternative. 

Safety, Health, and Environmental 
Impact 

The DEZ process does pose safety risks to the 
plant worker and the public. The reactivity and in- 
stability of DEZ expose the workers and the pub- 
lic to potential Hre. The impact on health is not ex- 
pected to be serious. The Library has performed 
a lengthy review of the health effects literature for 
zinc oxide and has performed a number of toxi- 
cological tests. It is also about to perform an ex- 
tensive animal study to assess the risks of carcinoge- 
nicity and other health effects not documented in 
the literature. 

Although neither the Wei T'o or the Bookkeeper 
process appear to pose serious safety hazards nor 
adverse health effects, no formal assessments or 
literature reviews have been made. Therefore, 
OTA also lists their impact on health as uncertain 
in table 16. Fluorocarbons, used in both of these 
systems, can cause asphyxiation and, if decom- 
posed, can release toxk gases. The amount of Freon 
12 in the work environment at the Candanian Wei 
T'o facility was measured and was well below the 
Threshold Limit Value (TLV) set for freon. Woik- 
place concentrations averaged from 63 to 125 ppm 
per volume. The TLV is 1 ,000 ppm per volume.* 

Because of the uncertainty regarding future reg- 
ulations on the use of fluorocarbons, the cost and 
complexity of both the Wei T'o and the Bookkeeper 
processes may increase. The fluorocarbons used in 
these processes can be replaced by other compounds, 
bu' both effectiveness and safety may be compro- 
mised. Substitutes with similar properties are flam- 
mable and more reactive. Ethane emissions from 
the DEZ process should meet existing hydrocarbon 
regulations Ethane's contribution to smog and 
other air pollution is relatively small and wiU prob- 
ably not be affected by any changes in these regu- 
lations. 

The VPD process is a manual process ar d poses 
no safety hazards. Early in its development, how- 
ever, concerns about the carcinogenicity of cycla- 

*J.M. Elgie, Dupont of Canada, Led, Technical Report Prepared 
for the National Archives of Canada, Apr 2, 1980 



mates were extended to cyclohexylamines. These 
concerns have been relaxed. The use of cyclohex- 
ylamines as rust inhibitors is extensive in England. ^ 
However, as with the Wei T'o and the Bookkeeper 
processes, no formal assessment of cyclohexyla- 
mines or the VPD process has been made. There- 
fore, its effect on health is also listed as imcertain 
in table 16. 

Other Processes 

OTA received limited information on several 
other deacidification and combined deacidiflca- 
tion/strengthening processes. The Information pro- 
vided was dther insufficient to analyze to the same 
degree as the other systems discussed, or the de- 
velopment of the process has not progressed far 
enough to be considered a viable alternative to the 
Library's DEZ process. 

Deacidification Processes 

The French process developed by the Biblio- 
theque Nationale uses essentially the same chemis- 
try as the Wei T'o system. A pilot-scale plant be- 
gan operation at the Conservation Center ac 
Chateau de Sable during the fall of 1987 with a ca- 
pacity of 300 books per 8-hour shift. The system 
has been described as using more solvents than the 
Canadian system, which may result in problems 
with certain inks running.^ The Bibliotheque Na- 
tionale plant is still in its trial period as of this writ- 
ing, but the developers report analyses show uni- 
form treatment and good alkaline reserve. The 
developers also plan to conduct .heir own evalua- 
tion during 1988.« 

The Kathpalia process uses ammonia in a sealed 
chamber. The process has been used in India by 
the National Library and National Archives as early 
as 1955. Current costs are about 30 cents per vol- 
ume that is 4 inches thick in a chamber that holds 
350 volumes.^ Major criticisms of this system are 



'Personal conrununication %vith a Robertson lab representative 

'Jean-Marie Arnault, "Mass Deacidification ir France/* papcrpre- 
scnted at the Preservation of Library Materials Conference sponsored 
by CDNL, with the cooperation of IFLA and UNESCO, Vienna, 
April 1986, referenced in G.M. Curiha, Mass Deacidification (or 
Libraries, Libnry Technology Reports, May-June 1987, p 383 

'Jean-Mane Amoult, Bibliotheque Nationale, letter to Peter John- 
son, Nov 16, 1987 

*Yashpa] Kathpalia letter to Peter Johnson, Dec. 12, 1987. 
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that it does not provide an alkaline reserve and bad 
odors are associated with the process. Kathpalia 
responds to these criticisms by stating that a reserve 
if not really needed if the books are stored prop- 
erly and even if they do need to be retreated, the 
process is so inexpensive it is not a problem. He 
also re^nds that odors can be eliminated with ade- 
quate ventilation. OTA has not examined this proc- 
ess in detail, but conventional wisdom is skeptical 
of amine-based processes. Detailed evaluations of 
the current condition of books that were treated 
with this process back in the 1950s might be en* 
lightening. 

Combined Dcacidification/ 
Strengthening Procritef 

The Austrian National Library is currendy de- 
acidifying and strengthening its newspaper coUec- 
tion. The process it has developed is an adaption 
of the aqueous deaddification process using calcium 
hydroxide as the neutralizing and buffering agent. 
In addition, methyl ceUulose is added to the solu- 
tion. The methyl ceUulose precipitates out of solu- 
tion and acts as a laminate to strengthen the pa- 
per. After removing the cover, a block of newsps^rs 
is immersed in the solution and then shock frozen 
at — 40® C. The frozen block of paper is then 
freeze-dried and rebound. The Austrian Library 
is treating about 50 blocks of newspapers per 5-day 
week.>® 

The German Library in Leipzig is also devel- 
oping a process based on the aqueous calcium 
hydroxide sdution deaddification system. The Ger- 
man process adds a carrier to the solution that de- 
posits new cotton ceUulose fibers, actually putting 
a new layer of paper over the old. 

The British Library is developing a process that 
would strei^[then paper by grafting a polymer onto 
the paper's ceUulose chains. Papers are exposed to 
a monomer mixture that imprefjnates the paper. 
The paper is then irradiated with low-intensity 
gamma rays, causing the monomer to attach to the 
ceUulose and to pc!/merize into chains that link with 
other cdlulose fibers. ^ ^ The process can also be used 

*'For a more deuiled description of this process see Otto Wachtcr, 
"Tedmiques for Preserving Netvsprint/* in G.M. Cunha, Msjs De- 
addification for Libraries, Library Technology Reports, May-June 
1987, pp. 445-458. 

"D.W.G. Clements, ''Emerging Technologies— Paper Strength- 
ening,*' RetUuntor, vol. 8, 1987, pp 124-128. 



to deposit an alkaline buiTer by choosing an appro- 
priate base monomer as co-monomer. The British 
process is entering engineering development. Cur- 
rent work is focused on a liquid system. After this 
has been refined, a large-scale system is planned 
that could treat 100,000 to 200,000 books per year 
at a preliminary cost estimate of |5 per book. *^ Re- 
cent developments on this process were presented 
by Dr. Clements in a paper titled "Emerging Tech- 
nologies in Paper Strengthening: Development and 
Scale-Up of Graft Co-polymerization Technique/' 
at a Conference in West Beriin in October 1987, 
orga zed by Internationale Arbeitsgemeinschaft 
der Archiv, Bibliodieks-und Graphikrestauratoren. 

Just when OTA was completing this report, 
another U.S. firm from Linden, New Jersey an- 
notmced a new process they had tested, ""the Bodc- 
savers MGD process. " It is a system based on ex- 
isting industrial processes for mass sterilization of 
medical products and food ingredients. Ammonia 
gas, moisture, and ethylene oxide are introduced 
into a vacuum chamber to react with paper com- 
ponents to form long-chain amines within the cel- 
lulose matrix of the book paper. According to the 
developers, acids are permanently neutralized, the 
amines provide an alkaline reserve and crosslink- 
ing between the reaction products strengthens the 
paper. 

Based on developer claims, the prcxress would ap- 
pear to have the potential to deacidiiy , strengthen, 
and sterilize books with a gaseous process and over- 
come the safety issue for DEZ and the preselection 
issue for the Wei T'o process. Tests perfoimed by 
the developer show increased fold endurance, uni- 
formity of treatment based on pH measurements, 
stability of pH change, and an alkaline reserve in 
treated books ranging from 0.85 to 2.14 percent, 
depending on the pH of the treated book. The de- 
velopers have a facility that they claim can be mod- 
ified to treat 20,000 books each day at a cost of $2 
to %3 per book. They also claim that preselection 
is not required and the books can be treated in 
sealed cardboard carbons. None of these claims 
has been subjected to independent analyses and 
OTA has not been able to evaluate these claims. 



"D.W.G. Clemenu letter to Peter Johnion, July 31, 1987. The 
cost eftimate coven dinxrt cottt, overhead, anr* depredanon of capital. 
**Vladimir Zwau letter to Peter Johnson, Dec. 18, 1987. 
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ALKALINE PAPER PRODUCTION 



One potential long-teim solution to the problem 
of acid deterioration of books is to print books on 
acid- free, or alkaline, paper. Alkaline paper has 
a much longer life thaji add paper. If all new books 
were printed on alkaline paper, then it would not 
be necessary to deaddify them. This section dis- 
cusses the current status of alkaline paper produc- 
tion and the advantages and disadvanti^s associ- 
ated with converting from add paper production. 

Sutus 

Major differences between alkaline and acid pa- 
per iiidude the type of sizing that is used to pre- 
vent ink fronr* penetrating through it and the type 
of filler used to make the paper smooth and opaque 
and to improve printing properties. For alkaline 
paper, two main types of synthetic sizing materi- 
als arc used that are active or the alkaline side: 
alk)d-ketene-dimer (AKD) and -Jkenyl succinic an- 
hydride (ASA), Calcium carbonate is generally 
used as the filler and alum is not required as a co- 
reactant. These materials have become popular in 
Western Europe and have a strong foothold in the 
U.S. market. But, most paper in the United States 
is made using rosin/alum sizing and kaolin clay 
filler, which results in acidic paper. 

Caldum carbonate has been used in printing and 
writing p£q)er production since the 1950s. It was 
introduced not for its advantages to longevity, but 
as a way of using byproducts from a pulping proc- 
ess. Calcium carbonate adds brightness and helps 
promote good print quality through improved ink 
receptivity. Calcium carbonate is a natural pH 
buffer to addic materials. Papers made with it have 
an iJkaline pH, i.e., above 7. Since calcium car- 
bonate will decompose under traditional acidic 
papermaking conditions, it must be employed in 
an alkaline papermaking system. 



•*Tlie Council on Library Retources Committee on Auction 
Oiudeliiies in iu 1982 report "Book Longevity" hai recommended 
that wvenl categorieg of books be printed on add-free paper. Theie 
were primary printed tourcet, important works of fiction and nonfic* 
tion,oaaectededilk)Of,bibliosrqihk8, guides yearbooks, 
fuecteers, scholaify periodicab and nKmographs, dictionaries, ency- 
dopediai, and other reference books. Categories that need not be on 
acid paper were also suggested to be textbooks, andM>logies, vanity 
p ublica ri o n s, athletic and political hagiography, popularizations in all 
fields, novelizations of films, formula novek, and most paperbacks. 



There is general agreeement that the market for 
acid-free paper is growing, although it remains 
small relative to total book paper production. Esti- 
mates published during the 1980s for the propor- 
tion of alkaline paper out of overall book paper 
range from 15** to 25 percent.*® One source pro- 
jected a 10-percent increase in the share of alka- 
line paper through tlie 1990s.*' 

According to the American Paper Institute, there 
are no statistics breaking out the volume of alka- 
line paper produced, or the number of companies 
producing it. About 30 companies make book pub- 
lishing paper. Thirteen of these produce 20,000 
tons/year or more, including three that produce 
100,000 tons/year or more. T%vo out of the top three 
companies have alkaline systems. There are about 
200 corporations operating a total of about 1,000 
pulp and paper mills in the United States today. 
Therefore, the 30 companies making book paper 
represent 15 percent oi the total number of paper 
companies. 

Alkaline paper is more firmly established in 
Western Europe (with the exception of Scandina- 
via) than in the United States. The percentage of 
acid-free book paper production in Europe is prob- 
ably about 50 to 65 percent of the total. Among 
other reasons for the growth of alkaline paper mak> 
ing there, Europe has large easily mined chalk (cal- 
cium carbonate) deposits while clay is limited and 
relatively expensive. 

AdvsuxtSLges of AlksJine Paper 
to Paper Manufacturers 

Alkaline paper can provide several cost-saving 
advantages to paper manufacturers for raw mate- 
rials, poUutioncontrd. maintenance expenses, and 
production volume. However, these advantages are 
highly specific to individual plants. Other advan- 
tages relate to paper quality and longevity. While 



i^ChandniJ. ShahaniandW.K. Wilson. ''Piesetvatkmof Libnncs 
and Arcbives." Ameriam Sciendttt vc' 75, May-June 1987. pp. 
240-251. 

'•Library of Congress, "Paper Durability (or Book Longevity," 
Technical Note 113, Hcraldof Library Science, vol. 22,July-October 
1983; and Committee on Production Guidelines for Book Longevity, 
Council on Library Resources, Inc., "Book Longevity," 1982. 

**Convciiation with Tonp. Lord, James RivcrCoq)., July 31, 1987. 
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most manufa^. Uiring costs (e. g. , labor) are compara- 
ble for acid and alkaline paper of similar quality, 
some manufacturers find cost advants^s in switch- 
ing to alkaline processes.'" 

Cellulose fiber is the most important raw mate- 
rial in paper. For mills that have to buy fiber on 
the open market in particular, the price of fiber is 
an important cost in paper manufacturing. Because 
of thr^ chemically reactive synthetic sizing, alkaline 
paper is stronger than acid papei . Thus, manufac- 
turers can lower the fiber content of paper while 
increasing filler and ash content, and get equiva- 
lent strength for less cost.'^ EstLnates of savings 
range from $25 to $45 per ton for some grades. 
While not all types of paper can use increased 
amounts of filler, more than half the market could 
benefit. The incentive to lower fiber content is in- 
creasing, as the price of fiber is rising. 

This potential cost advantz^ of the alkaline proc- 
ess is probably the most important factor in increas- 
ing the market share of alkaline paper. However, 
its impact may be limited. Lai^ paper manufac- 
turei^s usually own their own pulp mills, often lo- 
cated close to the paper mill. The cost of fiber for 
these manufacturers is low. Therefore, the eco- 
nomic advantage for conversion would be less than 
for many smaller firms. In some cases reduced fi- 
ber content may be a disadvantage to manufac- 
turers, discussed later. 

Another cost savings ^or raw materials applies 
to some specialty papers. Calcium carbonate can 
substitute for titanium dioxide, which is more ex- 
pensive and more difficult to obtain. 

Pollution control costs may be lower for alkaline 
production. Effluent from acid paper making has 
to be adjusted by adding alkaline materials. No ad- 
justment is needed for effluent from alkaline proc- 
esses, which comes out with pH near neutral. Also, 
alkaline effluent has less biochemical oxygen de- 
mand (BOD), reducing the BOD load at waste 
treatment plants.^' Another environmental advan- 
tage for alkaline pa{;er making is the reduction of 



'•Jay W. Brown, "The Once and Futur^ Book: The Preservation 
Critit/* Wilton Library Bulletin, May 1985, pp 591-596. 
'•Convcnation with Terry Norrii, July 7, 1987, Jan. 11, 1988 
«»Convcrfation %vith Robert Olien, P.H. Glatfcltcr. July 9, 1987. 
"ConverMtion with Robert Olien, P.H. Glatfeltcr, July 9, 1987. 



specific poUutants of concern generated in acid pa- 
per making, such as aluminum." 

The importance of these benefits varies. Pollu- 
tion abatement advantages are usually substantial 
for the large plants that produce the bulk of U.S. 
paper. Most large U.S. paper plants have pulp mills 
and wastewater treatment facilities co-located on- 
site. Pulp mills produce far more effluent than pa- 
per manufacture, and if a company can treat pulp 
mill effluent, it has litde problem treating paper 
plant effluent. 

Some maintenance costs may be lower for alka- 
line production. To reduce water consumption, 
most f.aper making companies recycle the water 
used in manufacturing. When water from acid 
processes is recycled, alum buildup U experienced, 
and the 3ystem needs to be purged periodically. 
Compared witht he alum/rosin process, less alka- 
line filler is lost during paper making. 

Whether switching to alkaline processes brings 
cost advantages depends on the specific circum- 
stances of the manufacturer. One manufacturer re- 
ported that while the problems encountered are 
different, there were no major advantages to alka- 
line in terms of their cleaning needs. Some firms 
would need to modify their bacteriological control 
systems if they were to convert to alkaline paper 
production. 

Decreased water consumption is another possi- 
ble benefit, to the extent that alkaline processes en- 
able increased recycling. 

Alkaline paper processes are less corrosive than 
acid processes to paper-making machinery. For 
some manufacturers the advants^es of this apply 
mainly to older non-stainless steel equipment. How- 
ever, the corrosion advants^s of alkaline processes 
are tangible even for stainless steel. 

Some mills can produce greater volumes of alka- 
line paper than acid paper per unit of time because 
of differences in water retention. For example, if 
a mill is drier limited, it can make it go faster and 
boost production. 

Other potential advantages of alkaline produc- 
tion relate to paper quality and longevity. Alkaline 



*K^onvcnation with Tom Commeau, Champioii International, July 
15. 1987 
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paper has greater strength than acid prper. The 
alkaline process also produces advantages in other 
areas of quality: alkaline paper is brighter, mce 
opaque, and smoother, which improves print qual- 
ity and color reproduction. It also reduces mottling, 
lliese potential benefits depend on paper grade, 
die quantity of filler used, the specific type and qual- 
ity of the calcium carbonate pigment used, and 
other material and equipment changes. 

Although the market for alkaline paper is not par- 
ticularly strong at present, some in the paper in- 
dustry believe the advantages of alkaline paper in 
longevity will become increasingly important to 
publishers and their clients. 

Disadvantages of Alkaline Paper 
to Paper Manufacturers 

Despite the advantages listed above, there are 
important obstacles to increasing the role of alka- 
line paper in paper manufacturing including low 
demand and the costs of conversion. Growth in the 
share of alkaline production will be slow until these 
obstacles are lessened 

The mau-ket for alkaline paper, while growing, 
is not strong enough to motivate major increases 
in production by paper manufacturers. In general, 
most U.S. publishers and their customers do not 
see sufficient advantages to alkaline paper to cause 
them to select it over comparably priced acid paper. 

Publishers are constrained by lack of d<»mand 
from commercial booksellers. Whether or not a 
book is printed on alkaline paper is not an impor- 
tant consideration for most buyers at the retail 
Icvd.^* The main demand for acid-fiw books comes 
from libraries, which account for about 10 to 15 
percent of total publishers' sales.^* 

The effects of low levels of demand are com- 
pounded by the size of the bode paper market. Book 
paper ij a small part of total writing/printing pa- 
per production, and an even smaller part of total 
paper production. In 1986, about 78 million tons 
of paper and paperboard were produced, out of 



"»Jay W. Brown, "The Once and Future Book: The Preservation 
Crifii." Wilton Library Bulletin, May 1985, pp. 591-596. 

•♦Lauren Jickion-Beck, "The Problemt of Preservation: Can 
Librarians and Publisher! Solve Them?" Collection Building, sum- 
sner 1985, pp. 21-25. 



which 20.5 million tons were printing/writing pa- 
per. Book paper accounted for 950,000 tons, less 
than 5 percent of printing/writing paper and less 
than 2 percent of total paper production. 2* 

Most of the paper used in U.S. books comes from 
companies whose main products are not book pa- 
per. Perhaps one-quarter of book paper comes from 
companies whose main product is such paper, and 
who mig^t be expected to be more sensitive to what- 
ever demand exists for paper longevity. The re- 
mainder is manufactured by companies* with diver- 
sified product lines. In many case'', book paper 
accounts for only a small fraction of the total sales 
of paper makers. It appears that there is little in- 
centive on the production side to change manufac- 
turing processes at this time. 

Switching to alkaline production can be costly 
for manufacturers, and switching to alkaline pa- 
per brings costs to users. Many producers and cus- 
tomers do not want to take the time and effort to 
adapt their processes to something new. Since a top 
management commitment to invest in the learn- 
ing curve" of a new process would be needed, pa- 
per manufacturers would require a similar commit- 
ment from their customers. 

For manufacturers, switching to alkaline paper 
may involve substantial retrofitting costs. Depend- 
ing on the mill, new chemical preparation systems 
will be required, incorporating different internal 
sizing, mixing, and storage equipment. The cost 
may be over $1 million for even a medium tonnage 
paper mill.^* 

Another factor affecting cost is how calcium car- 
bonate is obtained. Some manufacturers have cho- 
sen to build a plant onsite to maike calcium car 
bonate precipitate, thc/eby gaining good quality 
control — important in assuring that calcium car- 
bonate particles will be uniform in size. However, 
such plants are expensive, about $10 million. The 
other route is to buy fme ground calcium carbonate 
direct from quarries, with some sacrifice in qual- 
ity. Depending on transportation costs, buying 
from quarries can be cheaper than building a plant. 



"Conversation with James Hutchison, American Paper Institute, 
July 14 and 23, 1987 

"Conversation with Tom Commeau, Champion IntemationaJ, July 
15, m7 
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Alkaline sizing materials are also $1 .00 to $1.50 
per dry pound more expensive than acid sizing and 
it is therefore slightly more expensive ($0.50 to 
$l/ton) to make alkaline paper water resistant. 
Although to some the increased expense of water 
resistance could be an important impediment, for 
most these costs are not significant obstacles to the 
spread of alkaline paper-making. 

Probably the most important disincentives to the 
spread of alkaline pq>er'making are the general 
problems of changing over to a new system. Mills 
operate on modest margins and high production 
rates, and taking the time to learn new methods 
is costly. Similarly, customers used to acid paper 
may have to make adjustments in dealing with a 
new product. For example, some dyes that work 
with acid paper do not work well with alkaline pa- 
per. Also, alkaline paper has different ''runnabil- 
ity*' characteristics thai* acid paper — that is, it feeds 
through machinery differently. Industries making 
envelopes, tablets, etc. have had to change some 
of their manufacturing procedures.^* In particular, 
operators have had to slow down the madiinery that 
converts paper from rolls .o single sheets and other 
products. It is likely thai this problem will be re- 
solved within a few years, this has affected the 

^'Conversation with Jay Vrcciand, S.D. Warrrn, July 9» 1987, 
**R.G. Johnson, "U.S. Alkaline Fine Papennaking To Experience 

Slow But Steady Growth," PuJp and Paper, December 1986, pp 

66-67. 



acceptability of alkaline paper to some important 
categones of users. 

Adjustments in processes (e.g., in altering dyes) 
are relatively easy. With adjustments, alkaline pa- 
per is equal to or better than acid paper for most 
uses. Still, without a cost differential in favor of 
alkaline paper, there is litde incentive for end users 
to take the effort and cost of dealing with conver- 
sion problems — and little incentive for paper man* 
ufacturers to risk sales by introducing alkaline in 
place of acid paper. 

As mentioned above, one of the main selling 
point J of the alkaline process is its potential for sav- 
ing costs through fiber reduction. This also has a 
down side. Many customers of paper manufactur- 
ers (e.g., makers of envelopes) sell large quantities 
of waste paper to recyclers, often deriving substan- 
tial revenue. Rising pulp prices hav*; made waste 
paper more attractive as a raw material.^' There 
is concern by these customers that decreasing the 
fiber content of the paper they use will make the 
waste paper less attractive To recyclers. In turn, pa- 
per manufactui^rs considering alkaline processes 
are concerned that their clients might prefer acid 
paper for this reason. 



"Paper Chemicals MaHcets iti Europe (New York, NY- Frost & 
SuUivan, Inc , *982), p. 32 



DISCUSSION 



No mass deacidification systems are operating 
or are beii^ built, designed, or plaimed on the scale 
envisioned for the Library's DEZ full-scale facil- 
ity (over 1 million bookb per year). 

One mass deacidification pilot plant using a Wei 
T'o system is in operation at the National Archives 
of Canada. This plant has been in operation for 
7 years and treats about 40,000 books per year — 
roughly the capacity of the Library's DEZ pilot 
plant built for engineering testing in Texas. The 
''Bookkeeper" process has also been developed and 
a pilot plant system has been designed. The sys- 
tem has yet to be built but it would have a capac- 
ity on the order of the DEZ and Wei T'o pilot 
plants. Other systems of a much smaller scale are 



m operation (a Wei T'o spraying system at Prince- 
ton and an aqueous deacidification and strength- 
ening system in Austria), the French are testing a 
small pilot plant based on the Canadian design, and 
the English have just begun to design a small-scale 
system that would both stiengthen and deacidify 
bocks, but this is still at a very early stage of de- 
velopment. 

Only two processes, Wei T'o and the Bookkeeper 
have had sufficient development at the scale re- 
quired by the Library to merit consideration as op- 
tions to the DEZ process at this time. 

There have been no independent tests or evalu- 
ations of the cost and effectiveness of these proc- 
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esses. All data and estimates have been developed 
by the Arm or organization that is promoting the 
process (including the Library). Without some in- 
oependent analyses with standard test materials :md 
procedures, a definitive comparison of the processes 
cannot be made. 

In general, all of the processes neutralize the acids 
present in the paper. Each of the developers present 
data that indicate their process can extend the life 
Oi a book by roughly the same amount (two to Ave 
times), based on fold endurance after accelerated 
aging. Other supporting analyses are limited mainly 
to pH measurements and alkaline buffer contents, 
re':ulting in a limited amount of information on 
which to assess the processes. 

With this in mind, a qualitative evaluation of the 
advantages and disadvantages of the three princi- 
ple mass deacidification processes foUows. 

The DEZ system is capable of treating books with 
a high degree of unifoiinity. The zinc oxide buffer 
can be controlled ard leaves the paper relatively 
neutral regardless of ^he paper's initial acid con- 
tent. It is compatible with most other book mate- 
rials, especially inks and pigments, and requires lit- 
tle or no preselection. It is also capable of treating 
other formats. Health and environmental impacts 
of the system are considerea to be minimal, but are 
currently or will soon be investigated in greater 
detail. 

The key technical disadvantage of the DEZ sys- 
tem is that safety is a critical issue in the operation 
of the plant and requires added costn to manage. 
There are small but serious risks to plant workers 
and equipment and to a limited extent, the public 
(i.e. , during the transportation of DEZ to the plant). 
It is also capita) intensive and requires a relatively 
large initial investment. 

The Wei T'o system is based on a chemistry that 
is accepted in the preservation community. The pi- 
lot plant in Canada has been in operation for 7 
years. Unfortunately, development of the system 
has not progressed much during that time, although 
the operation of the plant is routine. The Wei T'o 
system is currently moderate in cost and invest- 
ment. It is relatively safe compared to the DEZ 
plant. Although the health impacts of the process 
are not considered to be problem, they have not 
been formally assessed. 

ERLC 



The principal disadvantage of the We* T'o proc- 
ess is that its solvents are not compatible with a 
number of common book materials and artifacts 
(i.e. stamp inks, label adhesives, certain pigments, 
and certain plastic laminated book covers). The 
Canadian operation rejects 20 to 25 percent of the 
books sent for treatment. The amount of alkaline 
buffer appears to be less than that deposited by the 
DEZ process and varies with the concentration of 
the solution and the initial acid content of the 
papers. There are no data describing the uniform- 
ity of the treatment. One book picked at random 
during an OTA visit showed non-uniform treat- 
ment of the pages. The amount of fluorocarbons 
released during the total process is below current 
regulations. However, the ur certainty about future 
regulations makes investment and operating costs 
more uncertain. 

The Bookkeeper process is the simplest of the 
three. It has the shortest cycle times, requiring no 
drying as do the other two processes, and capital 
investment would probably be low. Because of the 
chemicals it uses, compatibility with inks, colors, 
etc. is not expected to be much of a problem, al- 
though not enough tests have been conducted to 
determine what, if any, preselection is necessary 
(e.g. , plastic coverr may be a problem as with the 
Wei T'o Drocess). Tests by the developer have 
shown that treatment can be uniform throughout 
the book and page. The alkaline buffer does not 
depend on the moisture or initial acid content of 
the paper. Health impacts are not considered a 
problem, although no formal assessment has been 
made. 

The primary disadvantage of the Bookkeeper 
process is that it relies on its alkaline reserve io neu- 
tralize the paper over time. Although fold endur- 
ance tests after aging show results similar to those 
of the DEZ process, the depletion of the alkaline 
.^eserve would be expected to be faster. Uncertainty 
about future regulation of fluorocarbons makes cap- 
ital and operating costs uncertain. Also, the level 
of development of the total system is behind that 
of the DEZ and the Wei T'o systems. 

The use of alkaline paper in books is not expected 
to grow significantly in the near future. The ad- 
vantages and disadvantages of switching to alka- 
line paper varies from producer to producer and 
publisher to publisher. The major factor inhibit- 
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ing a wider conversicr. is that book paper makes 
up a small percentage of^he paper marker, and the 
library community and those interested m preser- 
vation make up an even smaller peic'.ntage. 

Since there are no reliable data to estini*'.v the 
trends in Jie use of alkaline paper, OTA ^h,' ^t 
makt -K quantitative estimate of costs to s\v:i . 
alkaline ps^e- It would be desirable, however, to 
compare alkaline paper production costs to future 



deacidification costs for some category of bocks or 
materials that end up being valuable in library col* 
lections. Prior to making such estimat^^, however, 
the library community would need to select and 
agree on those categories. While such an approach 
would not have any effect on the brittle book prob- 
lem of today, or even a few y^ars from now, it might 
result in substantial savings in the long run. 



Appendix A 

Definition of Terms 



Accelerated Aging: exposing paper to high tempera- 
tures and varying humidity to simulate natural aging. 

Acid Books: books whose pages have a pH of less than 
7. The pages arc not yet brittle, but because of their 
acidity they will become brittle in time. 

Acid-Free: paper or books made with paper produced 
by alkaline manufactunng processes. Although the 
paper may not be totally free of acid, its pH is nearly 
neutral. 

Aqueous Solvent: water or watery substance used to 

dissolve chemicals. 
Autocatalytic: a self-sustaining decomposition of a 

chemical compound, often accompanied by a very 

rapid release o^ energy. 
Brine Semi Tanks: seal pots that use brine to neutralize 

DEZ. 

Brittle Books: books whose pages have become so frag- 
ile that they cannot be circulated. 

Cellulose: primary plant fiber used to make paper. 

Compatible: indicates that a chemical or process has 
no adverse reaction with the various ;viaterials or 
chemicals found in books (e.g., the paper's cellulose, 
sizing, fillers, pigments, inks, glues, labels, covers, 
etc.). 

Dew Point: temperature at which vapor condenses into 
liquid. 

Distributive Control System (DCS): a computer sys- 
tem that monitors and helps to operate .hemical 
processes. 

Fold Endurance: the number of folds a piece of paper 
(under tension) can withstand before it breaks (see 
TAPPI standaid - T51 1.50-69). 

Hemicellulosc: a substance like cellulose, but less 
complex. 

Inert Gas: gas such as nitrogen, having few or no ac- 
tive properties. 

kPa: kilopascal, a unit of pressure roughly equal to 1/100 
of atmospheric pressure. 

Lignin: unstable co' 'tuent of wood pulp that leads 
to rapid deterioiatiou oi paper. 

Load Cells: devices used to measure weight. 

Loss Time Accidents: industrial mishaps that result in 
workcr(s) not being able to return immediately to 
work. 

Mass Dcacidification Process: chemical treatment to 
neutralize acids in paper and provide an alkaline 
buffer that can handle several closed books at one 
time. 

M'*tal Alkyls: a chemical compound linking a metal 
atom or atoms with a hydrocarbon radical of the form 
CuHsn+i; very reactive. 



Nonaqueous Solvent: chemicals (other than water) used 
to dissolve other chemicals. Nonaqueous solvents used 
in deacidification techniques include methanol. 

Paper BrighiAiCSs: ability of a paper to reflect light. 

Pa^r Durability: relates to the physical and mechani- 
cal properties of paper 

and its ability to resist wear and tear. 

Permanent Paper: paper that is usually acid- free and 
is made to resist the effects of aging to a greater de- 
gree th2m ordinary paper. 

TAPPI Standards: 

Type I - Maximum Permanence 
pH ' 7.5 -9.5 + 2 percent MgCOa or CaCOs 

Type II - High Permanence 
pH = 6.5 - 8.5 

Type III - Medium Permanence 
pH greater than 5.5 

Paper Permanence: ability of paper to maintain any 
or all of its properties over time. 

Pcrmissivcs: a specified set of process parameters (in- 
cluding interlocks) that must be met before starting 
the next process step. 

pH: a measure of acidity (or alkalinity). On a log-scale 
from 0 to 14, a pH of 7 is neutral. A pH less than 
7 indicates the presence of acids, a pH greater than 
7 indicates the presence of alkaline materials. 

Plant Commissioning: starting up and checking out, 
both individually and as a system, the various pieces 
of equipment to be used in a processing plant. 

Polymerization: the process of joining two or more like 
molecules into a more complex molecule whose molecu- 
lar weight is a multiple of the original and whose phys- 
ical properties are different. 

Preselection: screening to determine which books can 
be safely treated. 

PSIG: pounds per square inch gauge; pressure meas- 
ured relative to atmospheric pressure which equals 
14.7 pounds per square inch. 

Pyrophoric: chemical that spontaneously ignites when 
exposed to air. 

Safety Interlocks: a specified set of positions for vari- 
ous pieces of equipment (e.g. , on/off or open/closed) 
that must be met before another operation can occur. 

Seal Pot: tank containing agents that can neutralize 
DEZ; used to remove DEZ vapors from effluent 
vapors before releasing them to the atmosphere. 

Sizing Agent: material added to paper during manu- 
fac ure to reduce penetration of liquids and prevent 
inks from blotting. 

Specific Heat: the heat required to raise the tempera- 
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turc of one fcram of a substance one degree Cen- 
tigrade. 

Strtngthening techniques: methods for restoring brit- 
dc papers so that they can be handled. 

Sur&ctmnt: a chemical used in a liquid dispersion to 
keep other particles equally dispersed within the 
liquid. 

TAPPI: Technical Association of the Pulp and Paper 
Industry. 

Thcrmochemical Properties: characteristics dealing 
with the interrelation of heat with chemical reaction 
or physical change of state. 



Thermodynamic Properties: characteristics dealing 
with mechanical action or heat. 

Threshold Limit Value (TLV): a maximum level of 
exposure set by the American Conference of Gov- 
ernmental Industrial Hygienists (ACGIH) for vari- 
ous industrial substances. 

Titration: chemistry method for determining the 
strength or concentration of a solution. 

Torr: a unit of pressure equal tt 1/760 of atmospheric 
pressure. 



Appendix B 

Library of Congress' 
Operating Cost Estimates for 
FuU-Scale Mass Deacidification Facility 

November 1987 



This appendix contains the estimates of operating costs 
for a full-scale mass deacidification facility prepared by 
the Library of Congress and submitted to OTA as of 
November 1987. All estimates arc preliminary and sub- 
ject to refmement based on results of tests at the Texas 
Alkyls pilot plant. The appendix consists of three parts: 

1 . The basis for costs describing assumptions used to 
develop operating cost estimates. 

2. Cost tables and discussion showing operating cost 
estimates at different production rate^ in terms of 
tota^ treatment costs, per-book costs, and detailed 
costs for a facility treating 1 million books per year. 
These detailed costs are further explained in a ser- 
ies of notes. 

3. Standard operating costs that are not applicable 
to the proposed facility. 

Basis for Costs 

Preliminary annual operating costs for the Ft. Detrick 
Book Deacidification Facility are based on two to four 
TA^ Chambers operating on a 72-hour treatment cycle 
or less for 24 hours per day, 7 days per week, and 350 
days per year. 

A checklist to aid in determining the Annual Operat- 
ing Costs was prepared by modifying a similar table in 
Perry's Chemical Engineers' Handbook (Perry, Chil- 
ton, Kirkpatrick, 4th ed., McGraw-Hill, 1963). This 
checklist was prepared in two parts: Part 2 - table B-1 
includes all those items assumed applicable to a 
government-owned installation at Ft. Detrick, and Part 
3 lists those items not applicable. 

Part 2 - tables B-2 and B-3 show for the Ft. Detrick 
Facility a summary of the annual operation costs in dol- 
lars per year and in dollars per book, respectively, for 
four annual production rates. 

The cost of book handling at the Library and book 
transportation to and from the plant are not included 
as part of plant operating costs because these tasks would 
have to take place independent of the process used. Pre- 
vious estimates placed this figure at approximately $0. 70 
per book. 



Contractor supervision and operation of facility is 
assumed. 

Operating data, soon to be obtained from the Texas 
Alkyls SiTiall Scale Test Deacidification Facility in Deer 
Park, Texas, will be used to refine the cycle times and 
the number and the capacity of TA^ Chambers. With 
these data and from the design of the Ft. Detrick Facil- 
ity the costs estimated in table B-1 will be updated. 

Cost Tables and Discussion 

Table B-2 shows the major annual operating costs for 
four production rates. 

Table B-3 converts the dollar costs in table B-2 to dol- 
lars per book treated. 

Table B-1 is for an annual capacity of 1 million books, 
and shows a breakdown of costs for each group of costs 
shown in table B-3. 

Items Not Applicable to the 
Ft. Detrick Facility 

1 . Plant Costs 

• Company contribution of profit sharing or thrift 
plan 

2. Plant Overhead 

• Purchasing 

• Personnel and industrial relations 

• Automotive and rail switching 

• Plant hospital and dispensary 

• Cafeteria and club rooms 

• Taxes on properties and operating licenses 

• Insurance - property 

• Depreciation 

3. Distribution Costs 

• Containers and packages 

• Freight 

• Operation of terminals and warehouses 

• Wages and salaries plus fringe benefits 

• Operating materials and utilities 

• Rental or depreciation 
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Table B-1.~Bmkdown of Annual Oparating Coats at 1 Mlillon Books par Yaar 



Product Daacldified Books 

Producer Contractor to ine Library of Congress 

Location Ft. Detrick, fAO 

Byproducts Ethane and water extracted from boolcs 

Process Under vacuum: books dehydrated, 

diethylzinc reacted with remaining 
water and acid and rehydrated 

Operation Batch cycles 

Annual capacity 500,000 to 2,000,000 books per year 

Fixed Investment See Appendix C: Capital Cost Estimate 

Stream days 350 24-hour days 

Dollar cost 



Cost Component per year 



^ . Plant Costs 

1.1 Raw Materials 

--Standard Test Books $ 13,000 

1.2 Processing Chemicals 

Diethylzinc 800,000 

—Treated Water 3,000 

—Nitrogen 30,000 

1.3 Operating Supplies 

-*Dowtherm J 500 

—Lubricating oil 2,000 

—Kerosene 500 

—Refrigerant 1,000 

— SuppMes/Sundries 3,000 

l.4Utilitiei 

-Elejtrlclty 70,000 

—Cooling Water 10,000 

— Inatrument Air 1 ,000 

—Steam 3,000 

1 .5 Maintenance Materials * 60,000 

Subtotal: Plant Costs $997,000 

*n»plaotm«nt parts, nQ$kr of •qulpintnl, ate 

2. Operating Labor 

2.1 Plant manager $ 65,000 



2.2 Operation engineer 45,000 

2.3 Chemical/computer technician 40,000 

2.4 Eight ope'^tlons/technicians/book 

handlers d $32,000 256.000 

2.5 Day shift maintenance person 35,000 

2.6 Outside maintenance support on 

demand 20,000 

2.7Totai direct labor $461,000 



2.8 Payroll burden (fringe benefits) for 
Federal OASI, Wortcman's Compensation 
Insurance, contributions to pension, life 



insurance, thrift plan, vacations, 

holidays, sick leave, overtime premium . 152,000 

Subtotal: Operating Labor $613,000 

3. Plant Overhead 

3.1 Administration (by plant manager) see 2.1 

3.2 indirect labor 

—Latx>ratory technician $ 28,000 

—Secretary/receptionist 22,000 

-Technical service & engineering Note 14 

—Shops and repair facilities Note 15 

—Shipping aiKJ receiving department . . . Note 16 

—Payroll burden of 3.2 Indirect Labor . . 17,000 

3.3 inspection, safety and fire protection . . . Note 17 

3.4 Accounting, clerical and stenographic . . Note 18 

3.5 Communications: telephone, mail, 

teletype, modem 3,000 

3.6 Plant custodial 10,000 

3.7 Plant protection Note 17 

3.8 Waste disposal 10,000 

3.9 Insurance, third party liability 20,000 

Subtotal: Plant Overiiead $110,000 

4. Administrative Expense 

Contractor's fee taken as 15 percent of 
2.0 Operating Labor subtotal, $613,000, 

plus $67,000 of 3.2 indirect Labor $102,000 

Total Annual Operating Cost for 1 

Million BPY at Ft. Detrick $1,822,000 



I. 1.1 Raw Matarlaia • Tha books to ba iiaatad ara not conaldarad a coal liam but Slvidard Books for quality control ara. 

Z i2 Procaastng CDamtcaia: DEZ usaoa, tha major chamlcal coat, la baaad on an avaraga m parcant DEZ baing laid down In an avaraga 1.86 pound book wttlch Is 
•qvfvaitnt to 72 cams par book for $17.00 par pound DEZ. Until btttar oparating data ia obtalnad 6 canta was addad for small loasas and wastage, e.g.. equipment 
«id Hna cleanlf>g, to develop tha 80 canta. 

X Other Chamlcais: How much 1.2 Nitrogen (conslderad e processing chemical for purging, parttcularty. tha T/V Chambers) to be used. Is now e guess taken aa 2S0 
tons ' $\mon • $30,000. 

4. U Operating Suppllea: Dowtherm J, uaed aa the heat tranafar oil. may be needed for periodic replacement. The raptacement cost Is estimated at about $500 per 
yaar. Lubdoatlng oil for the pumps will prob&tfiy require changea coating an eatlmated $2,000 per year. Karoaane. tha sealant for the two Seal Pota. «>d for clewi 
out of equipment la a mtnor coet. Suppllee/aundrlee: other lubricating olla, g r aaaea. about $3,000 pet ,dar for raf rtgerant. chemlcala for the laboratory m6 gasket 
laplaoement. all usually a minor coet Item, will be better known toward the beginning of apilng 1986. 

5. U UtIHtlaa: The amount of etectrfcHy. the ma|or utility coat Item for power, lighting, refrigeration and air conditioning, will be better known In the aprtng of 1966 
after e few email acHe teata and the ladeelgn of the Ft. Detrick deaddlflcallon facility. H la eatlmated now as 1.400.000 kWh o 5 centsA(Wh « $70,000. Cooling 
water, Instnimant air. ard ateam (for heating comfort) ara mirwr utility cost Items. 

6. 14 Malntenanoa Matarlala • Taken aa a paroentaga ol the chamlcal procaeaing pmt of tha Ft. Detrick Facility. 

7. Z OparMng Utof • There will be better data from the SmaH Scale Plant Operatlona but tha labor for R. Detrick ramtf na a good but tight estimate until Ft. Detrtck 
la In oparMlon. There wHi be mora clarification for |ob aaalgnmant af>d raaponsibilltles detalla. H la aaeumed that one of the two shift opi raiors will aaslst In DEZ 
cart movement and aaalat In tha Quality Aaeurance Laboratory. 

a 2A. A Plant Manager or almllaily titted person Is needed to be In charge and to Intarfaoa with Ft. Detrick wd Ubrary management The aame person, after the (tart-up 
period. ehouW have ample time to manage other operating eltae. Thua. a emUler ooet than tha $86,000 aaiary plua baneflta could be required. 

S.tA. Bght operaMonaAachnldana/book handlera ara detennlnad aatwo people per shift 'or 166 houra per week • 40 houra per person - 6.4 people. Assume some 
of the eight will work overtime to cover for 04 parson, aiok leave, vacatlor. hdldaya. jury duty, military aervlce. etc. The two operatora per ahlft waa choaen baaed 
on the emphaala on safely even though ttiera may net be eufftdent aoth^lee to occupy two people efter atart-up and the plant la njn routinely 

10. AN book movemenu at ttie ffeWty ara planned to be done by the operatora. 

II. 2A DIract Malntenanoe Labo. • Theee ooata wlH be better daf<''^ after the redeetgn of the Ft. Detrick facility and the operation of the pilot plant 
iZlM, PayraH aurdan on ail Labor Chargea • thia makof ooet Kam. kimped aa one percentage of labor 'or all baneflta aa defined In Reference 
1111 Adminlatition 'Thia la asaumed ^ndar 2.1 Plant iiilan^. 

14. Taehnioal aarvloa and af*glnaartng wHl S«9 by oontriotor and covered under admlnlatratlva expenae. 

H Shopa and nipilr faoilitiaa ara included under malntananoa labor. 

HSMpplng and rvoaMng depertment to ba handtod by ahlft operatora. 

17. lnapaction,aality and fira protection and plant protection provMed by n. Detrick. 

1114. Aocountme providad by oontractor and aacratary/racaplionist does clerical and atenographlc. 

11 11 Waste Diapoeal of 10/100 giMons at SljOQ^gaiion - $10,000. 

114. Admmistratfve Expenae: Contact waa made wHh contracting companies In e son.ewhat almllar position to estab'iah the rata of 15 percent and ita basis. Also 
see Notes 14 and 16 praoadlng. 
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4. Marketing Costs 

5. Administrative Costs 

* General account, clerical auditing 

* Central engineering and technical 

* Legal and patent 

* Within and outside the facility 

* Payment and collection of royalties 

* Contributions and dues to associations 



* Financial 

* Debt management 

* Maintenance of working capital 

* Credit functions 

* Communications and traffic management 

* Central purchasing activities 

* Taxes 



Table B-2.— Annual Oparation Costa In Dollara par Yaar 

Capacity in miHions of books per year (dollars par yaai) 

Cost components 0.5 1 1.5 2 

Plant costs $ 551,000 $ 997,000 $1,450,000 $1^97^ 

Operating labor 611,000 611,000 611.000 611,000 

Plant overtiead 110,000 110,000 110.000 110,000 

Administrative expense 102.000 102.000 102.000 102,000 

Total unit treatment cost at Ft. Detrick $1,374,000 $1,822,000 $2,273,000 $2,720,000 



Table B-3.— Annual Oparation Coata In Dollara par Book 



Capacity in millions of books per year (dollars per book) 

Cost components 0^5 1 1^5 2_ 

Plant costs 1.10 1.00 0.96 0.96 

Operating labor 1.22 0.61 0.41 0.31 

Plant overhead 0.22 0.11 0.07 0.05 

Administrative expense .0.20 010 0^07 OM 

Total unit treatment cost at Ft. Detrick .274 1.82 1.51 136 



Appendix G 

Library of Congress' Capital Cost Estimates 
for Full-Scale Mass Deacidification Facility 
November 1987 



This appendix includes the estimates of capital costs 
for a full scale mass deacidification facility prepared by 
the Library of Congress and its contractors in Novem- 
ber 1987. This facility would be composed of two struc- 
tures, a warehouse support building and a chemical 
treatment building. The appendix consists of four parts: 

1 . The cover memorandum provides some of the ma- 
jor assumptions used to come up with the 
estimates. 

2. Table C-1 lists the construction costs for the chem- 
ical treatment facility. 

3. Table C-2 lists Jie space requirements for the 
different components of the warehouse support fa- 
cility and the estimate of costs to construct such 
space. 

4. Table C-3 lists the changes in equipment that will 
probably be required to scale- up the Texas Alkyls 
pilot plant into a full-scale facility that can treat 
1 million books per year. 



Tabl« C-1.— Capital Coat Eatlmata for a 

Ona-MillionBook-ParYaar 
Daacidification Chairucal Procaaa Facility 

Item Cost estimate 

Concrete $ 40,000 

Steel 40.000 

Equipment 875,000 

Spare Parts (Inventory) 50,000 

Pipe 250,000 

Electrical 275,000 

Instruments 450,000 

Building (Shell) • 

Insulation 50.000 

Coatings 20,000 

Rns Protection 50,000 

Reld Indlrects 300.000 

Engineering and Home Office 190.000 

Fee 200.000 

Tot al $2.750,000 

*lnclud«d In total tpac« and capital Mtimat* for warahout«/procMtlng facility 



TaK>la C-2.— Capital Coat Eatlnrataa for a Deacldlficatkm 
Plant Offica/Warahousa Support Facility 



Square feet 


1 0 Administration 




1 1 vestitHiie 


r 9 


1 .2 nictpiion ana waning 


I9U 


1.3 Plant ManaQer 


^9^^ 

icU 


1*4 upoTinons ciiyineBr 


lUU 


1.3 cnenuc«/UM. ^er Technician 






100 


1 7 Office 


100 


1.8 Copy 


6u 


1 .9 Storage 


OA 

BO 


1.10 Toilets (2 0 80 SF) 


160 


1.11 Janitor Closet 


35 


1 12 First Aid 


165 


113 Lunch Room 


250 


1 14 Conference Room w/Screen 


300 


Subtotal 


1.855 


2.0 Warehouse/Processing 




2 1 Pallet Storage 


8.000 


2.2 Chemical Process Area 


8.000 


2.3 Quality Assurance Laboratory 


750 


2.4 Maintenance. 


I.ICO 


2.5 Men's and Women's I jckers 


400 


2 6 Loading/Unloading 


1.050 


2 7 Spare Parts Storage 


1.000 


2 8 Service dock 


300 


Subtotal 


20.600 


3 0 Building Support 




3 1 Mechanical Room 


1.500 


3 2 Electrica) Room 


1.000 


3 3 Tc^i^.jne Equipment Room 


120 


3 4 Building Maintenance Room 


120 


Subtotal 


2.740 


Support Building Area 


8.178 


Support Building Gross 


2.818 


Suppot Building and Chemical 




Process Totals ^square feet) 


30.996 




Gross SF Cost/SF Amount 



4 0 Building Cost Estimate 

4 1 Administratkm 2,504 

4 2 Warehouse/ Processing 22.660 

4 3 Buikflng Support 3.014 

4 4 Building walls 3.818 

Total Building Cost 31.996 

5 0 Project Cost Estimate 
5 1 Building Cost 

5 2 Site Work 

Total Project Cost (w/o Process Equipment) 



$72 00 
55 00 
55 00 
5SO0 



$ 180.288 
1.246.300 
165.770 
209.990 

$1,802,348 

$1,802,348 
328.000 
$2,130,348 
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LIBRARY OF CONGRESS 

TO: Mr. Peter Johnson DATE: November 23, 1987 

Office of Technology Assessment 

FROM: Peter G. Sparks 

Director, Mass Deacidif ication Program 

SUBJECT: Capital Cost Estimates for Main Deacidif ication Facility 

As requested the Library has taken steps to come up with capital cost 
estimates for the Ft. Detrick facility. These costs were based on our current 
thinking that the facility would consist of two separate structures- -a support 
facility and a chemical treatment facility. It is unclear at the moment how 
these structures would be connected but we see this as a minor cost. We 
worked with the architect that had previously been for the project Shertz, 
Franklin, Crawford and Shaffner in Roanoke, Virginia and with S&B Engineering 
in Houston, Texas to get estimates. Both estimates were done in consultation 
with our engineer who reviewed the chemical plant costs in detail. 

The estimates for the warehouse support facility are fairly self- 
explanatory showing the various functions that will be in the building with 
gross square footage allocated to each and the construction cost estimate at 
the end. These data are shown in table C-2. 

The estimates for the chemical treatment plant are based on a 
hypothetical chamber size and configuration since there is no firm design in 
place for chis part of the facility. The chemical part of the facility and 
the control room flow from the design of the pilot facility. The chemical 
facility estimates are based on a number of assumptions which are listed 
below: 

1. The four chamber design has been chosen to stay within the 
capacity of commercially available vacuum pumps. 

2. The unit can be installed in a building approximately 100 feet by 
80 feet. 

3. Utilities such as electricity, instrument air, fire water, and 
potable water are available at battery limits. 

4. No site development work is included. 

5. No emergency power generator is provided. 

6. Estimate is based on Houston area open shop labor rates. 

7. No contingency is added to the estimate. 

An analysis of the large scale facility requirements and equipment 
changes are shown in table C-3. Construction cost estimates for a one million 
book per year treatment facility are given in table C-1. 

Attachments 

o It? 
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Tabto C-3.— EqulpiMnt Changes for Sc«l<hUP 



Pilot unit 1mm book/year 

1. Design items as designed facility 

No. of Chambers 1 4 

No. Carts In Chamber 

(27'Wx48'Hx41'L) - 5 

Average No. of Boolcs per Cart ^ 224 

No. Books/Chamber- Maximum 360 1,120 

Design Cycle Length 30.5 36 

Cyclea/YearfChamber — 223 

Chamber, Hrs. in Operation ^ 6,028 

Hrs. Down — 732 

Overall Service Factor — 91.6 

Per Chamber per Cyci^. !bs. 

DEZ Consunted 23.31 72.52 

CtH« Released 1 1 35 35.52 

Annual Rates, ib^/yi. 

DEZ Consumed — 64,687 

CtH« Release>1 — 31,505 

Chamber, Dlaneter 6 '0 ' 6 '0 ' 

Lengih 5'6T-F 10'0'T-F 

DEZ Circulation Rate, ibs/hr. 573.6 773.4 

N2DD Circulation Rate, Ibs/hr. 1,600 4,300 

*DoM not Ifidudt tknt to load or unload chamber 

Pilot unit 1mm boolc/year 

2. Equipment as designed facility 

DEZ Vaporizer Duty, BTU/hr. 105,000 141 ,000 

DEZ 1st Stg. Condenser 

Duty, BTU/hr 120,0CO 152,500 

DEZ 2nd Stg. Condenser 

Duty, BTU/hr. 17,000 23,000 

Nj Heater/Cooler 

Duty, Heating BTU/hr. 17,500 50,000 

Cooling BTU/hr 20,000 54.000 

Rehydration Water Heater 

Duty, BTU/hr 92.670 288.176 

Kw 30 100 

Watlow Model FPN 720 G5 FRN 744 E6 

Hot Oil Heater 

Duty, BTU/hr. 130,000 151 ,000 

Kw 40 50 

Watlow Model CFRS 743 E5 CFRS 751 E5 

Refrigeration Unit 

Duty, Tons 11 15 

DEZ Receiver 

Diameter 12.09' 17.25' 

Height 30'T.T 36'S/& 

Rehydration Tank 

Diuneter 24 * OD 24 ' 00 

Length 16* 50* 

Hot Oil Surge Tanl^ 

Diameter 23.25 * 35.25' 

Height 4'0'T.T 4'6'TT 

Chilled Oil Surge Tank 

Diameter 29.25* 35.25* ID 

Height 4'0'T.T 5'0'TT 



Tahid C-3.— Equipment Changes for Scala-UP -(Continued) 



Pilot unit 1mm book/year 

2. Equipment as designed faciiity 

Seal Pot 

Number 2 2 

Diameter 1275' OD 18* OD 

Height 18-T-T 18' TT 

exhaust Blower (Balzers) (Balzers) 

Suction Pressure 40 Torr 140 Torr 

Discharge Pressure 800 Torr 800 Torr 

ACFM Suction 128 110 

Balzers - Model DUO 250 A 2 C DUO 250 A 

(Two Stg. 
Rotary Vane) 

DE2 Recycle Blower (Balzers) (Balzers) 

Suction Pressure 18 Torr 18 Torr 

Discharge Pressure 50 Torr 150 Torr 

ACFM Suction 1,505 2,610 

Balzers Model WKP 4000 2 @ WKP 4000 

Nitrogen Recycle Blower (Not P^vided) 

Suction Pressure 0 Psig 0 Psig 

Discharge Pressure 10 Psig 15 Psig 

ACFM Suction 364 1,050 

Chamber Vacuum Pump 
Suction Pressure Oil to 760 Torr Oil to 760 Ton- 
Discharge Pressure 800 Torr 800 Torr 

ACFM Suction 85 170 

Kinney Model KTC - 112 3 @ KTC - 225 

Hot Oil Circulation Pump 

GPM, Rated 67.0 200 

TDH, Rated 89.5' 100' 

H.H.P 1.25 4.17 

Chilled Oil Circulation Pump 

GPM, Rated 112.5 270 

TDH, Rated 88.9' 100' 

H.H.P. 2.23 6.12 



Appendix D 

Suggestion for Standard Paper Testing 
for Deacidification Quality Control 
by National Bureau of Standards 



Ta is appendix lists procedures recommended for 
assessing the stability of book papers before and after 
treatment with diethylzinc. The procedures were rec- 
ommended by Edwin Parks of the National Bureau of 
Standards Ceramics Chemistry and Bioprocesses 
Groun. The appendix consists of two parts: 

1. List A consists of routine tests suitable for quality 
control during the engineering nrogrfim. With the 
exception of fiber strength analysis by zero span 
tensile testing, most of the tests have been used by 
the Library of Congress in their development of 
the diethylzinc process. One modification of an 
aging technique is recommended, that is, humid 
aging at 75° C and 50 percent relative humidity. 

2. List B consists of more time-consuming research 
tools that may not be practical in the context of 
a large-volume testing program. 

Technology for Assessing the 
Effectiveness of Paper Preservation by 
Treatment With Diethylzinc (DEZ) 

Recommended Procedures 

1. Accelerated aging techniques (to be perfon.-.ed be- 
fore and after DEZ treatments) 

a. Dry air 

"Standard test method for relative stability of pa- 
per (effect on folding endurance)." ASTM Des- 
ignation D-776-65 

b. Humid air 

(1) 75° C, 50 percent relative humidity 

(2) 90° C, 50 percent relative humidity 
Commercial ovens may be employed, combining 

wet bulb temperatures of 59.5 and 73° C and dry 
bulb temperatures of 75° C and 90° C, respectively. 
Aging periods and sampling intervals to achieve sig- 
nificant decreases in strength will vary with types of 
paper. Iwclve days is likely to be more than 
sufficient. 

2. Testing procedures (to be performed before and af- 
ter accelerated aging) 

a. Fiddling endurance 

"Standard test method for folding endurance of 
paper by the MIT tester.'* ASTM Designation: 

ERIC 



D-2 176-69. Method allows for pressures of 0.5 to 
1.5 kg, but even the lowest pressure may be too 
severe for deteriorated book papers. 

b. Fiber strength (zero-span tensile strength) 

Not a standard procedu.-^. Zero-span tensile tests 
can be performed with an IPC (Institute of Paper 
Chemistry) zero- span clamp attached to the jaws 
of a conventional load-elongation machine. How- 
ever, we recommend a machine dedicated to zero 
span tensile determinations. 

This is a quick, simple physical test that may 
be applicable to degraded book papers which 
would not survive even a single fold, but might 
still have useful life if the DEZ method prevents 
furthe*- degradation. 

c. Hot water extractable acidity or alkalinity of pa- 
per TAPPI method T-428 pm-77. Modifications 
of the standard method, as proposed by the Li- 
brary of Congress, should be equally suitable for 
the extensive routine testing program envisaged. 

d. Brightness of pulp paper, and paperboard (direc- 
tional reflectance at 457 nun), TAPPI standard 
Method T-452 om-83. 

Supplemental Procedures 

1 . Standard test method for copper number of paper 
and paperboard. ASTM Designation: D-919-74. 

A suggested research technique only, not for rou- 
tine qualitative assurance testing. This is thought to 
be a measure of carbonyl group concentration and 
may be correlated with carbonyl absorbance peak in- 
tensities in FTIR specfa. The prospect might then 
exist to use FTIR as a quick, non -destructive rou- 
tine test. 

2. Wet tensile breaking strength of paper and paper- 
board. TAPPI method T-456 om-822. For research 
and exploratory purposes only. 

3. Alpha cellulose in paper. TAPPI mediod 1-429 os- 
78. Alpha cellulose is a stable polymeric component 
of paper. This procedure uses strong alkali to extract 
components of less stability and lower molecular 
weight; hence, it is potentially useful for following 
the course of deploymerization during aging proc- 
esses. A time-consuming and hazardous procedure 
to be used for specific research objectives, not as a 
routine test; not useful for papers containing ligntn. 

IZd 



Appendix £ 

List of Papers and Presentations on the 
DEZ Process by the Staff of the Library of 

Congress From 1974-86 



George B. Kelly 

1974 

''Research on Mass Treatment in Conservation" Published: BuUttin of the American Institute for 

Conservation, vol. 14, No. 2 

1978 

''Mass Deacidification With Diethylzinc, Large- Published: Preprints - AIC 6th Annual Meetin - 
Scale Trials'* 

' Inhibition of Light Sensitivity of Papers Treated ACS Advances in Chemistry Series 193, Preserva 
With Diethylzinc'^ fion of Paper & Textiles of Historic and Artistic 



Value §2 



1979 



"Non-Aqueous Deacidification: Treatment en masse Rutgers University 
and for the Small Workshop'' 

mo 

"Non-Aqueous Deacidification: Treatment en masse International Conference on the Conservation of Li- 
and for the Small Workshop brary and Archive Materials and the Graphic Arts 

"Mass Deacidification With Diethylzinc" Published: TAe Library Scene 

Donald K. Sebera 

1980 

"Current Problems in the Convervation of CeUulosic Gordon Research Conference, Wolfboro NH 
Materials" ' 

1983 

"Recent Developments in the Library of Congress* American Institute for the Conservation of Historic 
DEZ Mass Deacidification Process' ' and Artistic Works of Art on Paper, Baltimore, MD 

1984 

"Reactions of Diethylzinc With Paper Constituents" Third Symposium on the Preservation of Paper and 

Textiles of Historic Value, American Chemical So- 



ciety, Philadelphia, PA 



1986 



'The DEZ Mass Deacidification Process at the Li- 10th Annual Conference of Institute of Paper Con- 

brary of Congress" servation, Oxford, England 

"The DEZ Mass Deacidification Process at the Paper submitted for publication in Stuf/ies in Con- 

Libary of Congress" servation 

"The Library of Congress Mass Deacidification Paper prepared in response to George Cunha's ques- 

Process ' tionnaire 



ERLC 
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Peter G. Sparki 

1982 

Library of Congress' Mass Dcacidiilcation/Optical 
Library of Congress' Mass Deacidificat ion/Optical 
Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 

1983 

Library of Congress' Mass Deacidification Program 
1984 

Library of Co^^gress' Mass Deacidificat ion/Optical 
Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidif nation Program 
Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 
1985 

Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 

1986 

Library of Congress' Mass Deacidification Prc^ m 
Library of Congress' Mass Deacidification Program 

Library of Congress' Mass Deacidification Program 

Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 

Library of Congress' Mass Deacidification Program 
Library of Congress' Mass Deacidification Program 
Library of Congress' Deacidification Program 
Library of Congress' Mass Deacidification Program 



Library Directors Meeting - May 6 

Library of Congress Technology Meeting - June 17 

NASA/Press Briefing - October 15 

Fifth Brazilian Conference on Deacidification 
Program 

IFLA Conference - August 26 

ALISE - January 7 
COSLA - AprU 11 

Senate Committee Hearing - April 11 

Simmons College - April 18 

Society of American Archivists - August 31 

Book Publishers - September 

NASA/Goddard Space Flight Center 

Federal Interagency Field Program Workshop - 
November 29 

University of Puerto Rico - February' 5 

National Conference on Museum Security 
February 18 

IFLA - Vienna Conference on Preservation of 
Library Materials - April 

LITA Institute on Technology - May 6 

Special Library Association Military Division - 
May 8 

Frederick City Council Meeting - May 8 
ALA Law Librarians - July 8 
Institue on Federal Library Resources - July 22 
Library Binding Institute - October 27 
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□YES 



Superintendent of Documents Publication Order Form 



Charge your order. 
Its easy! 



^ please send me the following indicated publications: 



Book PreicrvMtion Technologies, 

GPO stock number 052-003-01103-4; price $5.00. 



(International customers please add an additional 25%.) All prices include regular 



1. The total cost of my order is $ 

.^IT^n'o^ ??^o^^ handhng and are good through 10/88. After this date, please call Order and Information Desk at 
202- 783 « 3238 to verify prices. 

Please Type or Print 
2. 



(Company or personal name) 
(Additional address/attention line) 



3. Please choose method of payment: 

n Check payable to the Superintendent of Oocumentr 

]-□ 



(Street address) 



n GPO Deposit Account 

D VISA, CHOICE or MasterCard Account 



(City, State, ZIP Code) 

J. 



(Credit card expiration date) 



Thank you for your order! 



(Daytime phone including area code) 



(Signature) 

4. Mail To: Superintendent of Documents, Government Printing Office, V'ashington, D C. 20402-9325 



5/88 



ion 




Office of Technology Assessment 

The Office of Technology Assessment (OTA) was created in 1972 as an 
analytical arm of Congress. OTA*s basic function is to help gislative policy- 
makers anticipate and plan for the consequences of technological changes and 
to examine the many ways, expected and unexpected, in whicii technology 
affects people's lives. The assessment of technology calls for exploration of 
the physical, biological, economic, social, and political impacts that can result 
from applications of scientific knowledge. OTA provides Congress with in- 
dependent and timely information about the potential effects — both benefi- 
cial and harmful — of technological applications. 

Requests for studies are made by chairmen of standing committees of the 
House of Representatives or Senate; by the Technology Assessment Board, 
the governing body of OTA; or by the Director of OTA in consultation with 
the Board. 

The Technology Assessment Board is composed of six members of the 
House, six members of the Senate, and the OPA Director, who is a non- 
voting member. 

OTA has studies under way in nine program areas: energy and materials; 
industr), technology, and employment; international security and commerce; 
biological applications; food and renewable resources; health; communication 
and information ♦^.hnologies; oceans and environment; and science, educa- 
tion, and transportation. 
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